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LETTER OF TRANSMITTAL: 


UNITED STATES DEPARTMENT OF AGRICULTURE, 
DIVISION OF FORESTRY, 
Washington, D. C., May 26, 1896. 

Str: I have the honor to submit herewith for publication a series of monographs on the five 
pines of economic importance in the Southern United States, a result of many years’ study by 
Dr. Charles Mohr, the well-known euthority on the botany of the Southern States and agent of 
the Division of Forestry. 

The first draft of these monographs was prepared several years ago, but it was then found 
that in order to make them fully satisfactory and useful to the practitioner much additional infor- 
mation was needed, especially regarding the rate of growth and other sylvicultural as well as 
technological questions. This information has been gradually accumulated as our facilities have 
permitted. The extended investigations carried on in this division may be considered quite 
exhaustive, especially in regard to the mechanical properties of the wood of these pines. An 
interesting chapter on the wood structure by Mr. Filibert Roth has been added, and a compar- 
ative study of the economic, sylvicultural, and technical characteristics and value of the pines 
under consideration—a résumé, as it were, of the contents of the monographs—is to be found 
in the introduction by the writer. 

The pineries of the South furnish now, or will in the near future, the most important staples 
of our lumber industry. According as they are treated, carefully or wastefully, they will continue 
for a longer or shorter time to be a wealth-producing resource of the South. To aid in securing a 
true conception of the extent, condition, and value of this resource, and of the nature, development, 
characteristics (botanical, sylvicultural, and technological) of these pines, these monographs have 
been written, with the hope of inducing rational forestry methods in their use and reproduction. 

Respectfully, 
B. E. FERNow, 
Chief of Division. 
Hon. J. STERLING MORTON, 
Secretary of Agriculture. 
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INTRODUCTION. 


In ignorance of the nature and without appreciation of the economic value of their resources, 
pioneers squander and destroy without regard to the future the riches they find. We have done 
so in the United States and are continuing to do so although the pioneering stage should have 
been passed, especially with our forest resources. We have exploited them as if they were mines, 
instead of crops which can be harvested and reproduced continuously, and we have done so in a 
most wasteful manner; nay, we have by irrational methods of exploitation, 10 doubt due in part 
to the necessities of a rapidly developing country, in many cases destroyed the conditions for 

‘natural reproduction of the more valuable timber species. Fire and indiscriminate pasturing have 
also assisted in the process of deterioration. 

We are just beginning to realize that our timber supplies are not unlimited; that our 
magnificent forest resources have been despoiled and need at least more consideration; that 
sooner or later forestry will become, nay, is now, a necessity. 

Forestry is the art of producing, managing, and harvesting wood crops. To be successful in 
this art it is of course necessary to understand the nature of the crop—to be acquainted with the 
life history, the conditions of development required by each species of tree composing the crop. 
Such knowledge can be in part, at least, derived from observations made in the natural forests, 
and from these observations the manner in which the different species should be treated and rules 
of management may be determined. 

The time for the application of forestry—that is, rational methods of treating the wood crop— 
has not, as many seem to suppose, come only when the natural forest growths have been despoiled 
and deteriorated. On the contrary, when the ax is for the first time applied, then is the time for 
the application of forestry, for it is possible so to cut the original natural forest crop that it can 
reproduce itself in a superior manner. The judicious and systematic use of the ax alone, in the 
hands of the forester, will secure this result. : 

Hence these monographs on the life history of the Southern pines have been written primarily 
to enable the owners of Southern pineries, who are now engaged in exploiting them, to so modify 
their treatment of the same as to insure continued reproduction instead of complete exhaustion, 
which is threatened under present methods. 

The pines are the most important timber trees of the world. They attain this importance 
from a combination of properties. In the first place, they possess such qualities of strength and 
elasticity, combined with comparatively light weight and ease of working, as to fit them specially 
for use in construction which requires the largest amount of wood; next, they occur as forests in 
the temperate zones, often to the exclusion of every other species, so that their exploitation is 
made easy and profitable; thirdly, they are readily reproduced and tolerably quick growers; and, 
lastly, they occupy the poorest soils, producing valuable crops from the dry sands, and hence are 
of the greatest value from the standpoint of national economy. 

The Southern States abound in those sandy soils which are the home of the pine tribes and 
were once covered with seemingly boundless forests of the same. There are still large areas 
untouched, yet the greater portion of the primeval forest has not only been culled of its best 
timber, but the repeated conflagrations which follow the lumbering, and, still more disastrously, 
the turpentine gatherers’ operations have destroyed not only the remainder of the original growth, 
but the vegetable mold and the young aftergrowth, leaving thousands of square miles as blackened 
wastes, devoid of usefulness, and reducing by so much the potential wealth of the South. 

There are, in general, four belts of pine forest of different types recognizable, their boundaries 
running in general direction somewhat parallel to the coast line: (1) The coast plain, or pine-barren 
flats, within the tidewater region, 10 to 30 miles wide, once occupied mainly by the most valuable 
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of Southern timbers, the Longleaf Pine, now being replaced by Cuban and Loblolly Pines; (2) the 
rolling pine hills, or pine barrens proper, with a width of 50 to 120 miles, the true home of the 
Longleaf Pine, which oceupies it almost by itself; (3) the belt of mixed growth of 20 to 60 miles in 
width, in which the Longleaf Pine loses its predominance, the Shortleaf, the Loblolly, and the hard 
woods associating and disputing territory with it; and (4) the Shortleaf Pine belt, where the 
species predominates on the sandy soils, the Longleaf being entirely absent and the Loblolly only a 
feeble competitor, hard woods being interspersed or occupying the better sites. Within the terri- 
tory the species that oceur occupy different situations. Thus the Cuban, which accompanies the 
Longleaf, usually occupies the less well-drained situations, together with the Loblolly, which, 
although it ean accommodate itself to all soils, reaches its best development in the rich lowlands 
and is specially well developed in the flat woods which border the coast marshes of eastern Texas, 
where it associates with the Shortleaf Pine it also seeks the moister situation. 

The Longleaf and Shortleaf pines are, in quantity and quality combined, the most important, 
while the Loblolly or Oldfield Pine, as yet not fully appreciated, comes next, occupying large areas. 
The Cuban Pine, usually known as Slash Pine—always cut and sold without distinction with the 
Longleaf Pine—a tree of as fine quality and of more rapid growth than the Longleaf Pine, is associ- 
ated with the latter in the coast pine belt, scattered in single individuals or groups, but appears to 
increase in greater proportion in the young growth, being by its manner of development in early 
life better fitted to escape the dangers to which the aflergrowth is exposed. 

Besides these four most important pines, there are a number of others of less significance. 
The White Pine (Pinus strobus) of the North extends its reign along the higher mountain regions 
of North Carolina into Georgia, forming a valuable timber tree, but of small extent. The Spruce 
Pine, to which a short chapter is devoted in this bulletin, develops into timber size, but is found 
only in small quantities and mostly scattered, and has therefore as yet not received attention in 
lumber markets; but its qualities, and especially its forestal value, being a pine which endures 
shade, will probably be appreciated in tle future. The other four species of pine found in the 
South, which appear in the table below, which gives their botanical distinctions, do not develop 
into timber trees of value, excepting that the Scrub Pine, occupying large areas of abandoned 
fields in Virginia, furnishes a considerable amount of firewood. 


BOTANICAL DIAGNOSIS OF THE FOUR PRINCIPAL PINES OCCURRING IN THE SOUTHERN STATES, 


Species. Pinus palustris Miller. Pinus heterophylla (Fll.) Sudw. 
a _ —————— — — — —— 
LGAvVes- 2. -..5.6==- | Three ina bundle, 9 to 12 (exceptionally 14 to 15) inches long.| Two and three in a bundle; 7 to 12 (usually 9 to 10) inches 
long. 

Cones (open) ....--- 6 to 9 inches long, 44 to 5 inches in diameter----..-....----- 4to 6} (usually 4 to 5) inches long; 3 to 43 inches in diameter. 

Seales Seven-eighths to 1 inch broad; tips much wrinkled; light | Eleven-sixteenths to seven-eighths inch broad; tips, 
chestnut brown; gray with age. wrinkled; deep russet brown; shiny. 

Prickle Very short, delicate. incurved.-............--..-----..----- Very short; straight; declined. 

Buds Three-fourths inch long, one-half inch in diameter, silver | About one-half inch long; one-fourth inch in diameter; 
white. brownish. 

Species. | Pinus echinata Miller. Pinus teda Linn. 

LOS V68..-~-ssctee~ ‘Two and three in a bundle; 1j to 4 inches long; commonly Three in a bundle; 5 to 8 inches long. 
24 to 4inches. 

Cones (open) ..----- 14 to 2 inches long; 1} to 1} inches in diameter. --........--- 2) to 4h inches long; 1} to 3 inches in diameter. 

Seales -<.- ois. - Five-sixteenths to three-eighths (exceptionally about one- | ‘Three-eighths to three-fourths inch broad; tips smooth; dull 

| half) inch broad; tips light yellow-brown. | yellow-brown. 

Prickles .<-..5..--. Exceedingly short (one-tenth inch) ; delicate; straight; de- | Short; stout at base. 
clined. 5 

Tt | CE eee ae Three-eighths to one-half inch long; about one-eigthth inch | One-half to three-fourths inch long; one-fourth inch in di- 
in diameter; brownish. ameter; brownish. 


— = ~ = 


The greatest confusion exists with regard to the vernacular names of these pines, in conse- 
quence of which information regarding them, given by the native population, must always be 
carefully scrutinized to determine exactly to what species it refers. Even in the lumber market 
and among wood consumers, engineers, architects, and carpenters the same confusion exists; 
Longleaf and Cuban pines are never distinguished; Shortleaf and Loblolly pines are mixed indis- 
criminately, and often “Southern Pine,” or “ Yellow Southern Pine,” satisfies the specification of 
the architect and may come from any of the four species, 


CHARACTERISTICS 


Or 


THE WOOD OF 


SOUTHERN 


PINES. 
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To assist in clearing this confusion the following synopsis of botanical and vernacular names 


is here inserted: 


NOMENCLATURE OF 


Pinus palustris Miller. 
Syn.: P. australis Michx. 


Best common names. LONGLEAY® PINE. 
Southern Yellow Pine. 
Southern Hard Pine. 
Southern Heart Pine. 
Southern Pitch Pine. 
Hard Pine (Miss., La.). 


Local, market, and 
lumbermen’s names. 


Atlantic). 
Pitch Pine (Atlantic). 
Longleaved Yellow 
(Atlantic). 


Pine 


Longleaved Pitch Pine (At- 
lantic). 

Longstraw Pine (Atlantic). 

North Carolina Pitch Pine. 

Georgia Yellow Pine. 

Georgia Pine. 

Georgia Heart Pine. 

Georgia Longleaved Pine. 

Georgia Pitch Pine. 

Florida Yellow Pine. 


Heart Pine (N.C. andSouth | 


Longleaved Pine (Atlantic). 


Pinus echinata Miller. 
Syn.: Pinus mitis Michx. 


P.. virginiana var. | 


échinata Du Roi. 
P. teda var. variabi- 
lis Aiton. 
P. variabilis Lamb. 
P. rigida Porcher. 


SHORTLEAF PINE. 


| Yellow Pine (N.C., Va.). 


Shortleaved Yellow Pine. 

Shortleaved Pine. 

Virginia Yellow Pine 
part). 

North Carolina Yellow Pine 
(in part). 

North Carolina 
part). 

Carolina Pine (in part). 

Slash Pine (N. C., Va.), in 
part. 

Oldfield Pine (Ala., Miss.). 

Bull Pine (?). 

Spruce Pine. 


(in 


Pine (in 


| Bull Pine (Texas and Gulf 


SOUTHERN PINES. 


Pinus teda Linn. 
Syn.: Pinus teda var. te- 
nuifolia Aiton. 


LOBLOLLY PINE. 


Slash Pine (Va., N.C.), in 
part. 

Loblolly Pine (Gulf region). 

Oldfield Pine (Gulf region). | 

Rosemary Pine (N.C., Va.). | 

Shortleaved Pine (Va., N. | 
C., S.C.). 


region). 
Virginia Pine. 
Sap Pine (Va., N.C.). 
Meadow Pine (Fla.). 
Cornstalk Pine (Va.). 
Black Pine (Va.). 
Foxtail Pine (Va., Md.). 
Indian Pine (Va., N.C.). 
Spruce Pine (Va.), in part. 
Bastard Pine (Va., N. C.). 
Yellow Pine(No. Ala., N.C.). 
Swamp Pine (Va., N.C.). 
Longstraw Pine (Va., N. 


Pinus 
Sudw. 
Syn.: Pinus toda var. hete- 

rophylla Ell. 
P. elliotii Engelm. 
P. cubensis var. ter- 
throcarpa Wright. 


heterophylla (Ell.) 


CUBAN PINE. 


Slash Pine (Ga., Fla.). 

Swamp Pine (Fla.and Ala.), 
in part. 

Bastard Pine (Fla., Ala.). 

Meadow Pine (Fla., E. Miss), 
in part. 

She Pitch Pine (Ga.). 


Florida Pine. 


Texas Yellow Pine. 


Florida Longleaved Pine. 


Texas Longleaved Pine. | 


While it is 


C., Ark. ), in part. 


easy enough to recognize the species in the field by their botanical characters, it 


is difficult and often impossible to distinguish them in the wood by mere macroscopic inspection 
or examination with the magnifier and without the aid of the microscope, nor are the miscroscopic 


features so far recognized suffici 


ent for specific distinction. 


A long-continued study of these woods by Mr. Filibert Roth, of the Division of Forestry, 
has not developed any characteristies which would be always reliable in distinguishing the species. 
The best that can be done is to give a synopsis of characters, by which they differ generally when 
larger quantities, as in the log or lumber pile, are under inspection. 


CHARACTERISTICS OF THE WOOD OF SOUTHERN PINES. 


Diagnostic features of the wood. 


Name of species. 


Longleaf Pine 
{Pinus palustris Miller). 


Cuban Pine 
(Pinus heterophylla (Ell.) Sudw.). 


Specific gravity of ( Possible range 
kiln-dried wood. | Most frequent range---.- 

Weight, pounds per cubic foot, kiln-dried 
wood, average. 

Character of grain seen in cross section 


- Even dark reddish-yellow to reddish-brown. .| 
-| Little; rarely over 2 to 3 inches of radius-.--.| 


-50 to .90 
-55 to .65 
36 


Fine and even; annualrings quite uniformly 
narrow on large logs, averaging generally 
20 to 25 rings to the inch. 


| Very abundant; parts often turning into 


“light wood;’’ pitchy throughout. 


Name of species. 


50 to .90 
55 to .70 
37 


Variable and coarse; rings mostly wide, 
Sy araeiie on larger logs 10 to 20 rings to the 
inch. 

Dark straw color, with tinge of flesh color. 

road, 3 to 6 inches. 

Abundant, sometimes yielding more pitch 
than Longleaf; ‘‘bleeds"’ freely, yielding 
little scrape. 


Shortleaf Pine 
(Pinus echinata Miller). 


Lobolly Pine 
(Pinus teda Linn.). 


Specific gravity of f Possible range 
kiln-dried wood. | Most frequent range. --. 

Weight, pounds per cubic foot, kiln-dried 
wood, average. 

Character of grain seen in cross section 


Color, general appearance 
Sapwood, proportion 
Resin 


-40 to .80 
45 to .55 
30 


Very variable; medium, coarse; rings wide 
near heart, followed by zone of narrow 
rings; not less than 4 (mostly about 10 to 
15) rings to the inch, but often very fine- 
grained. 

Whitish to reddish-brown 


-40 to .80 
-45 to .55 
31 


Variable, mostly very coarse; 3 to 12 rings to 
the inch, generally wider than in shortleaf. 


Yellowish to reddish and orange brown. 

Very variable, 3 to 6 inches of the radius. 

Abundant; more than Shortleaf, less than 
Longleaf and Cuban, but does not“ bleed” if 
tapped. 
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It is clear from the above diagnosis that Longleaf Pine may be distinguished from Cuban Pine 
by its finer grain and small amount of sapwood; also that both of these differ from the Shortleaf 
and Loblolly in their greater weight and the more resinous character of their wood, but that the 
wood of the two last-named species is rarely distinguishable beyond doubt. 

Technically the wood of the pines differs about as follows: The wood of the Longleaf and Cuban 
pines are about equal in strength, Longleaf excelling by its finer grain and smaller amount of 
sapwood. The same comparison may be made with regard to Loblolly and Shortleaf Pine. Being 
much more variable, however, in weight and grain, exceptions to the general rule here are very 
numerous. Of the last-named species it may be said that the wood derived from more southern 
localities is generally heavier and stronger than northern grown—a fact especially apparent in 
the case of the Shortleaf Pine. 

The extensive investigations carried on by the Division of Forestry during the last three to 
four years mainly on these pines permit us to give the following résumé of their mechanical 
properties derived from not less than 20,000 tests and as many measurements and weighings. 
We quote this information from Cireular 12 of the division: 


MECHANICAL PROPERTIES. 


In general the wood of all these pines is heavy for pine (31 to 40 pounds per cubic foot, when 
dry), soft to moderately hard (hard for pine), requiring about 1,000 pounds per square inch to indent 
one-twentieth inch; stiff, the modulus of elasticity being from 1,500,000 upward; strong, requiring 
from 7,000 pounds per square inch and upward to break in bending and over 5,000 pounds in 
compression when yard-dry. 

The values given in this circular are averages based on a large number of tests from which 
only defective pieces are excluded. 

In all cases where the contrary is not stated the weight of the wood refers to kiln-dried 
material and the strength to wood containing 15 per cent moisture, which may be conceived as 
just on the border of air-dried condition. The first table gives fairly well the range of strength of 
commercial timber. 

Average strength of Southern Pine. 


{Air-dry material (about 15 per cent moisture).] 


Compression strength. Bending strength. | 2 
At rupture 2 z 
Ti rrai 3W = 
With grain. modulus 9 ),,2° | 3 B 
| a a od 
Pa ere : a Sof eres | Relative i _ 
5 . imi stiffness) 6lastic 2 |4e 
Name, . Average (3 per m Average modulus | modulus | seailt: 5 tes 
Average of all forthe weakest cent | Average of all | forthe weakest 3 Wl SiWw2e)) || Venee S a8 
| valid tests. _ one-tenth indenta- | valid tests. one-tenth ® bh? 4a bla per’ Ee ac] 
of all the tests. tion), per, | of all the tests. per square | per square | cubic PG 
| === Saal A | eT inch. inch. inch. | = | to 
Absolute, | Absolute, inch. Absolute, Absolute, | | 2 | 
| per Rela- per Rela- per Rela: per Rela- s B 
square | tive.| square | tive. | square tive.| square tive. 8 < 
inch. | inch. | | inch. inch. } 77] 
Pounds. Pounds. Pounds. | Pounds. Pounds. Pounds. Pounds. | Pounds. Lbs. | Lbs. 
Cuban Pine..... 7, 850 100 6, 500 100 1,050 | 11,950) 100 8, 750 100 9,450 | 2,305,000 | 2.5 14,300, 680 
Longleaf Pine -. 6, 650 87 5, 650 87 1, 060 10,900, 91 8, 800 101 8,500 | 1,890, 000 | 2.3 | 15,200 706 
Loblolly Pine. -- 6, 500 83 5, 350 82 990 10,100 | 84 8, 100 92 8,150 1,950, 000 | 2.25 | 14,400 690 
Shortleaf Pine... 5, 900 75 4, 800 74 940 9,230} 77 7, 000 80 7, 20U 1, 600, 000 2.05 13,400} 688 
| 


RELATION OF STRENGTH TO WEIGHT. 


Tue intimate relation of strength and specific weight has been well established by the experi- 
ments. The average results obtained in connection with the tests themselves were as follows: 


Cuban. Longleaf. Loblolly. | Shortleaf. 


TRANSVErse StrON Pt. - <6 oc ook tec ccc ceasea ce cence | 100 o1 a4 
Specific weight of test pieces.......--.----------- 100 4 82 


a4 
343 


WEIGHT RELATIONS. 15 


Since, in the determination of the specific gravity above given, wood of the same per cent of 
moisture (as is the case of the values of strength) was not always involved, and also since the test 
pieces, owing to size and shape, can not perfectly represent the wood of the entire stem, the 
following results of a special inquiry into the weight of the wood represents probably more 
accurately the weight and with it the strength relations of the four species. 


WEIGHT RELATIONS. 


| These data refer to the average specific weight for all the wood of each tree, only trees of approximately the same age being involved.] 


Cuban. | Longleaf. | Loblolly. (accel 


Average age of trees.......---.--.--..--.. years. ; 17 127 | 137 


1 
| Number of trees involved. - | Pe || 22 14 
Specific gravity of dry wood. 0.63 | 0. 61 0.53 
Weight per cubic foot ...-... 39 38 33 
Relative weight ..-...-- 100 97 84 
(Transverse strength *)..........-..--.. be (100) (91) (84) | 
! 


* The values of strength refer to all tests, and therefore involve trees of wide range of age and consequently of quality, especially those 
of Longleaf; involve much wood of old trees, hence the relation of weight and strength appears less distinct. 


From these results, although slightly at variance, we are justified in coneluding that Cuban 
and Longleaf Pine are nearly alike in strength and weight and excel Loblolly and Shortleaf by 
about 20 per cent. Of these latter, contrary to common belief, the Loblolly is the heavier and 
stronger. 

The weakest material would differ from the average material in transverse strength by about 
20 per cent, and iv compression strength by about 30 to 35 per cent, except Cuban Pine, for which 
the difference appears greater in transverse and smaller in compression strength. It must, of 
course, not be overlooked that these figures are obtained from full-grown trees of the virgin forest, 
that strength varies with physical conditions of the material, and that therefore an intelligent 
inspection of the stick is always necessary before applying the values in practice. They can only 
represent the average conditions for a large amount of material. 


DISTRIBUTION OF WEIGHT AND STRENGTH THROUGHOUT THE TREE. 


Weight and strength of wood at different heights in the tree. 


Strength of Longleaf 
Pine Goma per Specific weight. Relative 
square inch). | Mean ofall ee of 
: 2 a3 Bs == | ay Longleaf 
C | * Pine (mean 
ompres- shea ofcone 
* sion (relative A 
eet aul de Longleaf. | Loblolly. | Shortleaf. | weight). | P™E°" 
wi | . 
grain). | bending). | 
Number trees used.------.---------- 56 22 14 
Average age of trees 150 (over) 127 | 113 
piss = 
Number of feet from stump: | 
() cence corcdemese Sco Ssneniocd PESS65 nods) baashosssass ~ 751 - 629 
| 106 106 
(FS a ee ee aes 12, 100 7, 350 .705 595 
100 100 100 100 
1) Semeic ec asndcc Hepes LoEpeC ee eeoe 11, 650 7, 200 . 674 78 | 
96 98 96 97 
PAD = cchscn cs conceenoncasa sacs See 10, 700 6, 800 624 534 
88 93 89 90 
ino AA ee SS ote seeaeencesecec 10, 100 6, 500 590 508 
84 89 $4 86 
(1) ise CHS SOA CITE OOO HOT IE CE ORE 9, 500 6,300 560 491 | 472 
79 86 80 83 81 81 82 
DO ed ack an davies cames men wen mame 9, 000 6, 150 539 476 455 
75 83 27 80 78 78 79 
(i) cee heceeeetoceosece crcsoscerect 8, 600 6, 050 528 70 454 
71 52 76 79 78 77 | 76 


Nore.—Relative values are indicated by italic figures. 
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In any one tree the wood is lighter and weaker as we pass from the base to the top. This is 
true of every tree and of all four species. The decrease in weight and strength is most pronounced 
in the first 20 feet from the stump and grows smaller upward, (See fig. 1.) 


Si 49.6 


70 43,4 


So 
N 
nr 


Pounds per Cubic Foot. 


3 


Specific Weight. 


24.8 


0 10 20 30 40 50 60 
Feet from Stump. 


Fic. 1.—Diagram showing variation of weight with height of tree. 


This great difference in weight and strength between butt and top finds explanation in the 
relative width of the summerwood. Since the specific weight of the dark summerwood band in 
each ring is in thrifty growth from 0.90 to 1, while that of the springwood is only about 0.40, the 
relative amount of summerwood furnishes altogether the most delicate and accurate measure of 
these differences of weight as well as strength, and hence is the surest criterion for ocular inspection 
of quality, especially since this relation is free from the disturbing influence of both resin and 
moisture contents of the wood, so conspicuous in weight determinations. 

The following figures show the distribution of the summerwood in a single tree of Longleaf 
Pine, as an example of this relation: 


: In the 10 
| ae ee rings Nos. |Averagefor Specific 

i tes bark, 00 to 110 entire disk. weight. 
| es “from bark. 


Per cent. Per cent. Per cent. 

At the stamp .. 6250. cescssnccsccceueucenasenes 37 52 50 0. 73 
32 feet from stump | 25 38 33 -59 
87 feet from stump 15 37 26 55 


EFFECT OF 


AGE. 
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Logs from the top can usually be recognized by the larger percentage of sapwood and the 
smaller proportion and more regular outlines of the bands of summerwood, which are more or less 


wavy in the butt logs. 

Both weight and strength vary in the different 
parts of the same cross section from center to periph- 
ery, and though the variations appear frequently 
irregular in single individuals, a definite law of rela- 
tion is nevertheless discernible in large averages, and 
once determined is readily observable in every tree. 

A separate inquiry, avoiding the many variables 
which enter into the mechanical tests, permits the fol- 
lowing deductions for the wood of these pines, and 
especially for Longleaf; the data referring to weight, 
but by inference also to strength: 

1. The variation is greatest in the butt log (the 
heaviest part) and least in the top logs. 

2. The variation in weight, hence also in strength, 
from center to periphery depends on the rate of 
growth, the heavier, stronger wood being formed dur- 
ing the period of most rapid growth, lighter and 
weaker wood in old age. 

3. Aberrations from the normal growth, due to 
unusual seasons and other disturbing causes, cloud 
the uniformity of the law of variation, thus occasion- 
ally leading to the formation of heavier, broad-ringed 
wood in old, and lighter narrow-ringed wood in young 
trees. 

4. Slow-growing trees (with narrow rings) do not 
make less heavy, nor heavier wood than thriftily 
grown trees (with wide rings) of the same age. (See 
fig. 2.) 

EFFECT OF AGE. 


The interior of the butt log, representing the 
young sapling of less than fifteen or twenty years of 
age, and the central portion of all logs containing 
the pith and two to five rings adjoining, is always 
light and weak. 

The heaviest wood in Longleaf and Cuban Pine is 
formed between the ages of fifteen and one hundred 
and twenty years, with a specific weight of over 0.60 
and a maximum of 0.66 to 0.68, between the ages of 
forty and sixty years. The wood formed at the age 
of about one hundred years will have a specific 
weight of 0.62 to 0.63, which is also the average 
weight for the entire wood of old trees; the wood 
formed after this age is lighter but does not fall below 
0.50 up to the two bundredth year; the strength 
varies in the same ratio. 

In the shorter-lived Loblolly and Shortleaf the 
period for the formation of the heaviest wood is 
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Fic. 2.—Schematic section through stem of Longleaf Pine, 
showing variation of specific weight with height, diameter, 
and age at twenty (aba), sixty (ded), one hundred and twenty 
(eece), and two hundred (ffff) years. 


between the ages of fifteen and eighty, the average weight being then over 0.50, with a maximum 
of 0.57 at the age of thirty to forty. The average weight for old trees (0.51 to 0.52) lies about 
the seventy-fifth year, the weight then falling off to about 0.45 at the age of one hundred and 
forty, and continuing to decrease to below 0.38, as the trees grow older. 


17453—No. 15 


92 
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That these statements refer only to the clear portions of each log, and are variably affected 
at each whorl of knots (every 10 to 30 inches) according to their size, and also by the variable 
amounts of resin (up to 20 per cent of the dry weight), must be self-evident. 

Sapwood is not necessarily weaker than heartwood, only usually the sapwood of the large- 
sized trees we are now using is represented by the narrow-ringed outer part, which was formed 
during the old-age period of growth, when naturally lighter and weaker wood is made; but the 
wood formed during the more thrifty diameter growth of the first eighty to one hundred years— 
sapwood at the time, changed into heartwood later—was even as sapwood the heaviest and 
strongest. 

RANGE OF VALUES FOR WEIGHT AND STRENGTH. 

Although the range of values for the individual tree of any given species varies from butt to 
top, and from center to periphery by 15 to 25 per cent, and occasionally more, the deviation from 
average values from one individual to another is not usually as great as has been believed; thus, 
of 56 trees of Longleaf Pine, 42 trees varied in their average strength by less than 10 per cent 
from the average of all 56. 

The following table of weight (which is a direct and fair indication of strength), representing 
all the wood of the stem and excluding knots and other defects, gives a more perfect idea of the 
range of these values: 

Range of specific weight with age (kiln-dried wood). 


{To avoid fractions the values are multiplied by 100.) 


| Caban. | Longleaf. Loblolly. | Shortleaf. 


| 


Number of trees involved.......... 24 96 60 56 
Trees over two hundred years ol 61 Ee ee Ra ee FS ae 
‘Trees one hundred and fitty to two J 63 59 DO Ren pees cee naan 
Trees one hundred to one hundred and fifty years old...|....--.--.-- 60.5 53 51 

| Trees fifty to one hundred years old...... 61 62 53.4 55 
Trees twenty-five to fifty years old. . = 55 61 53 57 

| Trees under twenty-five years old...........++--+++--+-- 51 55 48 | 53 


Though oceay onally some very exceptional trees occur, especially in Loblolly and Shortleaf, the 
range on the whole is generally within remarkably narrow limits, as appears from the following 
table: 


Range of specific weight in trees of the same age approximately ; averages for whole trees. 


[Specific gravity multiplied by 100 to avoid fractions. } 


rad Number Age, ; r 
| Name. nttznan! years. Single trees. Average. 


—— = —— — 


: oe § 4 150-200 56 68 62 65 | 62.5 | 
CopAIEING: wascanneeeaseac awe 4 5 50-100 | 60 | 58 60 | 59 | F 60.9 
| Longleaf Pine 13 100-150 | 59 | 66 57 | 62 66 58 59 | 57 | 57 | 66 59 | 62 | 57 60.5 
Loblolly Pine 10 125-150 | 51 | 51 | 53 | 51 | 55 | 53 | 54 | 55 | 55 | 52 |...-|.... ies! 52.8 
Shortleaf Pine 12 100-150 | 45 | 47 | 53 | 47 | 50 | 51 | 55 | 55 | 53 50.8 


51 50 | 53 sees] 


From this table it would appear that single individuals of one species would approximate 
single individuals of another species so closely that the weight distinction seems to fail, but in 
large numbers, for instance carloads of material, the averages above given will prevail. 


INFLUENCE OF LOCALITY. 


In both the Cuban and Longleaf Pine the locality where grown appears to have but little 
influeuce on weight or strength, and there is no reason to believe that the Longleaf Pine from one 
State is better than that from any other, since such variations as are claimed can be found on any 
40-acre lot of timber in any State. But with Loblolly, and still more with Shortleaf, this seems not 
to be the case. Being widely distributed over many localities different in soil and climate, the 
growth of the Shortleaf Pine seems materially influenced by location. The wood from the Southern 
Coast and Gulf region and even Arkansas is generally heavier than the wood from localities farther 
north. Very light and fine-grained wood is seldom met near the southern limit of the range, while 
it is almost the rule in Missouri, where forms resembling the Norway Pine are by no means rare. 
The Loblolly, occupying both wet and dry soils, varies accordingly. 
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INFLUENCE OF MOISTURE. 


This influence is among the most important, hence all tests have been made with due regard 
to moisture contents. Seasoned wood is stronger than green and moist wood; the difference between 
green and seasoned wood may amount to 50 and even 100 per cent. The influence of seasoning 
consists in (1) bringing by means of shrinkage about 10 per cent more fibers into the same square 
inch of cross section than are contained in the wet wood; (2) shrinking the cell wall itself by about 
50 per cent of its cross section and thus hardening it, just as a cowskin becomes thinner and 
harder by drying. 

In the following tables and diagram this is fully illustrated; the values presented in these 
tables and diagrams are based on large numbers of tests and are fairly safe for ordinary use. They 
still require further revision, since the relations to density, etc., have had to be neglected in this 
study. 


Influence of moisture on strength. 


Per As erage of all valid tests. Rel: ative values. 
Cu) —$$— a , = = = 
mois- | Long- Lob- | Short- |,.). Long- Lob- | Short-| Aver- 
ture. | Cuban.) jeaf: lolly. leaf. |Ctban-| “leat lolly. leaf. age. 
| | | 
Bending strength: e 
33+ | 8,450| 7,660] 7,370] 6,900 100 100 190 100 100 
20 10, 050 8, 900 8, 650 8,170 118 | 116 117 | 118 | 117 
15 | 11,950 10, 900 10, 100 9, 230 142 142 138 134 | 139 
Room dry 10 15,300 | 14, 000 12, 400 11, 000 181 182 168 | 160 | 173 
Crushing endw | | | | 
reen 100 100 | 100 | 100 | 100 
Half dry 132 | 122 128 122 | 126 
Yard dry 157 154 | 156 142 | 152 
PROOM ny see eee eee eee cseeaisee = 184 206 206 168 | 191 
Mean of both bending and crushing strength | | 
(GH Me sase S52 sso 546 sre aaccors Joucconcecos Soosade 100 | 100 100 100 100 
Half dry. . 125 119 | 122 120 | 122 
Yard dry .. 149 148 3 
Room dry 182 194| 187| 164 182 
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Fic, 3.—Diagram showing variation of compression strength with moisture. 
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It will be observed that the strength increases by about 50 per cent in ordinary good yard 
seasoning, and that it can be increased about 30 per cent more by complete seasoning in kiln or 
house. 

Large timbers require several years before even the yard-seasoned condition is attained, but 


2-inch and lighter material is generally not used with more than 15 per cent of moisture. 
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WEIGHT AND MOISTURE. 


So far the weight of only the kiln-dry wood has been considered, In fresh as well as all yard 
and air dried material there is contained a variable amount of water. The amount of water 
contained in fresh wood of these pines forms more than half the weight of the fresh sapwood, and 
about one-fifth to one-fourth of the heartwood. In yard-dry wood it falls to about 12 to 18 per 
cent, while in wood kept in well-ventilated, and especially in heated rooms it is about 5 to 10 
per cent, varying with size of piece, part of tree, species, temperature, and humidity of air. 
Heated to 150° F. (65° ©.), the wood loses all but about 14 to 2 per cent of its moisture, and if the 
temperature is raised to 175° F. there remains less than 1 per cent, the wood dried at 212° F. 
being assumed to be (though it is not really) perfectly dry. Of course, large pieces are in practice 
never left long enough exposed to become truly kiln dry, though in factories this state is often 
approached. 

As long as the water in the wood amounts to about 30 per cent or more of the dry weight of 
the wood there is no shrinkage ' (the water coming from the cell lumen), and the density or specific 
gravity changes simply in direct proportion to the loss of water. When the moisture per cent 
falls below about 30, the water comes from the cell wall, and the loss of water and weight is accom- 
panied by a loss of volume, so 
that both factors of the frac- 
tion f 
ae 34 weight 
Specific gravity = anti 
are affected, and the change 
in the specific gravity no lon- 
ger is simply proportional to 
the loss of water or weight. 
The loss of weight and vyol- 
ume, however, being unequal 
and disproportionate, amarked 
reduction of the specific gray- 
ity takes place, amounting in 
these pines to about 8 to 10 per 
cent of the specific weight of 
the dry wood. 


SHRINKAGE, . 


The behavior of the wood of 

the Southern pines in shrink- 

age does not differ materially. 

Sa eee ae. a Sete Generally the heavier wood 

Fie. 4.—Diagram showing loss 2 water in kiln oer ing and re: uate in air, eee ef shrinks the most, and sapwood 

PRR: shrinks about one-fourth more 

than heartwood of the same specific weight. Very resinous pieces (“light wood”) shrink much less 

than other wood. In keeping with these general facts, the shrinkage of the wood of the upper 

logs is usually 15 to 20 per cent less than that of the butt pieces and the shrinkage of the heavy 

heartwood of old trees is greater than that of the lighter peripheral parts of the same, while the 

shrinkage of the heavy wood of saplings is greatest of all. On the whole, the wood of these pines 

shrinks about 10 per cent in its volume—3 to 4 per cent along the radius, and 6 to 7 per cent along 
the tangent or along the yearly rings. 

After leaving the kiln the wood at once begins to absorb moisture and to swell. In an 

experiment with short pieces of loblolly and shortleaf, representing ordinary pia or siding 


PERCENT OF see ee ANO PER MILLE OF SHRINKAGE AND SWELLING 


In ordinary lumber and all large size material the exterior parts commonly dry so much sooner fan the bulk 
of the stick that checking often occurs though the moisture per cent of the whole stick is still far above 30. 
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sizes, these regained more than half the water and underwent over half the total swelling during 
the first ten days after leaving the kiln (see fig. 4). Even in this less than air-dry wood the 
changes in weight far excel the changes in volume (sum of radial and tangential swelling), and, 
therefore, the specific gravity even at this low per cent of moisture was decreased by drying and 
increased by subsequent absorption of moisture. Immersion and, still more readily, boiling cause 
the wood to return to its original size, but temperatures even above the boiling point do not 
prevent the wood from “ working,” or shrinking and swelling. 

In fig. 4 are represented the results of experiments on the rate of loss of water in the dry 
kiln and the reabsorption of water in the air. The wood used was of Loblolly and Shortleaf Pine 
kept on a shelf in an ordinary room before and after kiln drying. The measurements were made 
with caliper. 

EFFEC! OF “BOXING,” OR “BLEEDING.” 


“ Bleeding” pine trees for their resin, to which only the Longleaf aud Cuban Pine are subjected, 
has generally beea regarded as injurious to the timber. Both durability and strength, it was 
claimed, were impaired by this process, and in the specifications of many architects and large con- 
sumers, such as railway companies, ‘‘bled” timber was excluded. Since the utilization of resin is 
one of the leading industries of the South, and since the process affects several millions of dollars’ 
worth of timber every year, a special investigation involving mechanical tests, physical and chem- 
ical analyses of the wood of bled and unbled trees from the same locality were carried out by this 
division. The results prove conclusively (1) that bled timber is as strong as unbled if of the same 
weight; (2) that the weight and shrinkage of the wood is not affected by bleeding; (3) that bled 
trees contain practically neither more nor less resin than unbled trees, the loss of resin referring 
only to the sapwood, and therefore the durability is not affected by the bleeding process. 

The following table shows the remarkable numerical similarity between the average results 
for three groups of trees, the higher values of the bled material being readily explained by the 
difference in weight: 


Bending | Compression | 


Number A Specific 


; y 4 strength strength 
Longleaf Pine. tests. a ele jos per square per square 
CBE PIEEES inch. inch. 
Per cent. Pounds. | | 
Wmiboxed trees 2. cena ace nnie ne === 400 0.74 2, 5 
Boxed and recently don 390 -79 12, 96 
3oxed and abandoned five years. - 535 - 76 12, 


The amount of resin in the wood varies greatly, and trees growing side by side differ within 
very wide limits. Sapwood contains but little resin (1 to 4 per cent), even in those trees in which 
the heartwood contains abundance. In the heartwood the resin forms from 5 to 24 per cent of the 
dry weight (of which about one-sixth is turpentine), and can not be removed by bleeding, so that 
its quantity remains unaffected by the process. 

Bled timber, then, is as useful for all purposes as unbled. 


USE OF THE WOOD. 


In its use the wood of all four species is much alike. The coarse grained, heavy, resinous 
forms are especially suited for timbers and dimension stuff; while the fine-grained wood, whatever 
species it may belong to, is used for a great variety of purposes. 

At present distinction is but rarely made in the species and in their use; all four species are 
used much alike, although differentiation is very desirable on account of the difference in quality. 
Formerly these pines, except for local use, were mostly cut or hewn into timbers, but especially 
since the use of dry kilns has become general and the simple oil finish has displaced the unsightly 
painting and ‘“‘graining” of wood, Southern pine is cut into every form and grade of lumber. 
Nevertheless, a large proportion of the total cut is still being sawed to order in sizes above 6 
by 6 inches and lengths above 20 feet for timbers, for which the Longleaf and Cuban Pine furnish 
ideal material. The resinous condition of these two pines make them also desirable for railway 
ties of lasting quality. 
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Since the custom of painting and graining woodwork has given way to natural grain with oil 
finish, the wood of these hard pines is becoming very popular for inside finish. 

Kiln-drying is successfully practiced with all four species, but especially with the Shortleat 
and Loblolly pines which, if not artificially seasoned, are liable to “blue.” The wood can be dried 
without great injury at high temperatures. 


RATE OF GROWTH. 


The species naturally develop somewhat differently, according to the soil conditions in which 
they occur. Without going into a detailed discussion, which will be found in the body of this 
work under each species, a comparison of the rate of growth of the four species, based on a large 
number of measurements, gave, for average trees and average conditions, the results shown in the 
accompanying diagrams (figs. 5 to 7), which permit the determination of the rate of growth at 
different periods of their life. 


ERE 


Fia. 5.—Diagram showing comparative progress of height growth in average trees. 


From these it appears that the Cuban Pine is by far the most rapid grower, while the Longleaf 
Pine, which usually grows associated with the former, is the slowest, Loblolly and Shortleaf 
occupying a position between the two. 

The Longleaf shows for the first five to seven years hardly any development in height and 
begins then to grow rapidly and evenly to the fiftieth or seventieth year, and even after that 
period, though the rate is somewhat diminished, progresses evenly and steadily, giving to the 
height curve a smooth and persistent character. 

The diameter growth shows the same even and persistent progress from the start, and the 
volume growth also progresses evenly after the rapid height-growth rate is passed at seventy years. 

The Cuban Pine ceases in its maximum rate of height growth at thirty years, starts with its 
diameter growth at about the rate of the Loblolly, but after the twenty-fifth year leaves the latter 
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behind for the next twenty-five to thirty years, then proceeds at about the same rate, but persisting 
longer than the Loblolly. At the age of fifty years the Cuban Pine with 46 cubic feet has made 
nearly twice the amount of the Loblolly and more than four times that of the Longleaf, but at one 
hundred years the difference is reduced, being then 115, 90, and 55 eubie feet, respectively, for the 
three species. 

Both Loblolly and Shortleaf Pine reach their maximum growth sooner than the other two 
species. While these still show a persistently ascending line at one hundred and twenty to one 
hundred and forty years, the rate of growth in the Loblolly shows a decline after the one hundredth 
year, and the Shortleaf has done its best by the eightieth year. These facts give indications as to 
the rotation under which these various species may be managed. 
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Fia. 6.—Diagram showing comparative progress of diameter growth in average trees. 


As stated before, the growth of trees, especially in the virgin forest, is quite variable even for 
the same species and same soil conditions; an average, therefore, like the one presented in the 
diagrams, however perfect, could apply only when large numbers are considered. Thus there are 
fast-growing trees of Longleaf and slow-growing of Cuban or Loblolly Pine. Yet the diagrams 
will fairly well represent the average growth, with the possible exception of the Cuban Pine, for 
which the number of measurements was too small to furnish reliable data. 


STATISTICS AND CONCLUSIONS. 


The greatest difficulty Dr. Mohr has found is in the statistical portions of his work. To deter: 
mine the amounts of remaining timber supplies of the various species is almost an impossibility 
without a very elaborate and laborious canvass, which, to be sure, it would appear our duty to 
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“ 


undertake, but for which the means at the disposal of the Division of Forestry have never been 
suflicient. Even the amount of annual consumption can only be approximated, partly because 
the species are not always kept separate and partly because information is not always readily 
given by the operators or shippers. 

The statistics for Longleaf Pine can be more nearly approximated, for the majority of the mills 
engaged in its exploitation cut hardly any other timber; moreover, its geographical limits are more 
clearly defined, so that even the area of remaining supplies is not entirely beyond our ken. 

When it comes to using such statistics for a prognostication as regards available supplies, 
another difliculty arises in the change of standards of material recognized as marketable and the 
change of demand or use, and hence consumption, of any of the varieties. But we can now safely 
assume that the standard of size and quality, which was high when the census figures of 1580 were 
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Fic. 7.—Diagram showing comparative progress of volume growth in average trees. 


estimated and hence made them appear below the truth, has now sunk nearly to the lowest level, 
any stick that can be placed on the mill down to 10-inch and 8-inch being fit material. There is 
also no danger of any reduction in the cut for any reason except a temporary one due to such 
general business depression as that experienced throughout the last two years. Increase of 
consumption of Southern timber is bound to follow the imminent exhaustion of the pine supplies 
of the North. And with the exception of Pacific Coast timbers, which, owing to their great 
distance, have so far made but little competition in Eastern markets, no new undiscovered timber 
resource will influence the cut of Southern pine. 

Venturing on the basis of the meager data furnished in this publication to make a guess at 
the probable supply and demand, we may with due reserve state that the amount of pine timber 
ready for lumber manufacture standing in the South can not be above 250,000,000,000 feet, and 
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more likely will fall far below 200,000,000,000 feet, while the figure for present and lowest future 
annual consuinption may be approximated at near 7,000,000,000 feet, board measure.! 

There is nobody who knows or can know the actual condition of supplies, and whoever has an 
opinion on the subject will have to bring at least as good a basis or a better one for such opinion 
than the data furnished in the following monographs. 

There is no attempt to predict from the foregoing figures the absolute exhaustion of the pine 
supplies of the South within forty or fifty years, although such a result would appear not unlikely. 

Jompetition of other timbers, and substitutes for the use of wood (which, to be sure, never in the 
history of the world have reduced wood consumption), and especially changes in present methods 
of exploitation, may lengthen out supplies for a short time; or, if we begin rational forestry now, 
these forests may be kept a source of continuous supplies, even though reduced. 

Those who rely upon the spontaneous natural reproduction of these pines to fill the gaps made 
in the virgin timber will do well to read the chapters on natural reproduction and the incidental 
remarks regarding the conditions for renewal and the appearance of the aftergrowth; or, better, 
tramp through the vast region of culled pine woods and observe what the basis of their reliance 
is, as the writer of these monographs has done through forty years of his life. If, in addition, 
they study the chapters on conditions of development, they will realize that the Longleaf Pine is 
bound to disappear largely even in the regions where it reigned supreme; that the Cuban Pine, no 
despicable substitute, will take its place in the lower pine belt, if allowed to propagate at all; but 
on large burnt areas the growth of scrubby oaks and brush will forever exclude this species which 
aninently needs light. Loblolly aad Shortleaf, better fitted for warfare with other species, will do 
much in their respective habitats to recuperate, except in the mixed forest, where they are culled 
and the hard woods are left to shade out the aftergrowth; or where the continuous conflagrations 
have destroyed the mold and aftergrowth and given over the soil to scrubby brushgrowth, which 
for ages will either prevent the gradual return of the pines or impede their renewal and growth. 
Considering that the timber on which we now rely and on which we base our standards comes from 
trees usually from one hundred and fifty to two hundred years or more old, and that none of these 
pines makes respectable timber in less than from sixty to one hundred and twenty-five years, the 
necessity of timely attention to their renewal is further emphasized. 

The owners of timber land and the operators of mills are the only people who can improve 
these conditions, and this by a more rational treatment of their property. If they ean be made to 
realize now that what they own and hold as a temporary speculation will, in a short time, when 
supplies have visibly decreased, become a first-class investment, and, by its revenues, become a 
greater source of wealth under competent management with a view to reproduction than that which 
they have derived from it by the mere robbing of the old timber, they might take steps at least 
against the unnecessary damage done to it by fire and cattle. Permaneney and continuity of 
ownership appear to be the first condition to insure such results, and therefore corporations which 
are not of an ephemeral character and men of large wealth are most desirable forest owners. 

The monographs here presented will, it is hoped, aid in this realization, and the information 
regarding the conditions of development of the different species will furnish suggestions as to the 
forest management which, modified according to local conditions and economic considerations, may 


be employed to secure the perpetuity of the Southern pineries. 
B. E. FERNOW. 
WASHINGTON, D. C., June 5, 1896. 


1 The entire region within which these pines occur in merchantable condition comprises about 230,000 square miles 
or, in round numbers, 147,000,000 acres ; for land in farms, ete., 10,000,000 acres must be deducted, and allowing as much 
as two-thirds of the remainder as representing pine lands (the other to hardwoods), we would have about 90,000,000 
acres on which pine may occur. An average growth of 3,000 feet per acre, an extravagant figure when referred to 
such an area, would make the possible stand, 270,000,000,000 feet, provided it was in yirgin condition and not mostly 
culled or cut. 


Wray ‘feu pt Web . S 
. i hire 


‘hee 2 : ee pw ile tsi if ferar 
ay 
; ee ae ’ 
By rt , . 
e.g | ; 
q * 
i i 4 | eve »Y rey 
- . iv Ft ai j Pa’ Y, ; ey 7 
, (DLE } (BUT oe d Lt): nv we tam Se | 
a et" piel wt? pedey : a aa ae 
- 7 ‘ r., . 7 
4 ad) ps si aii igs fd Weis />> i <hr oe eee Ae ont 7s 
peniaha Labatt Mee © au a es DES Ae te Pere 
SAE OY San ‘LA Sis GN Saat AS HW ee , 


ae, EG HO Ee it 14 ae etek 
us io 4 ; f “iNT 


Os saa" vA samt uti sen 44% ~~ Sie, Fe j 
ae ; LF ity at oe ay Tene Bae ai <4 ANE — e 
a Sat fol te a ¥ ' aM ray a yh. roe he Oa > wpe be 
- alae 4 sina ooh ee eel Wir ip ein’ 2 sie) ¥ 
i I Lh. bara pv 4h Wiig: ele hl Bete ap om EAs hI 
EEE EATS os Ape ok Wee ye 


" eae ew " sey) Ie 7 Te i py ny  - g/ Fi 7s ¥ | i Le ‘ ; thar 
es ee 


- rep Par share gat iy = © 
' Py ce barrel we ie a) fi, 6 ih r mi ? 
Pi és AY “ ' 


i eal ty yh hi cet depen pk UP =, TT de 
ee Al Nye eee Pa Eh 


aa) a tie ee Aad? vt (carr ric a (C 
oe eat oh he Ne 


enn Wa’ ’ 
tay, hails, vy - 


Pe ah hee 


La ple nin 
’ Ho)! e 2% 
rere LNA ot” ae etal 


— ae 


* aS en | 
, * wr is 


On ey) < 


oh Wriv ieee 


PLATE Ii. 


+ te: EI 
fee * 


SCORCHED BY FIRE AS USUAL. 
BLE TIMBER 


AL OF MERCHANTA 


* 


(2) 


oo s 
MMM MEB ge hy. 


INGLEAF PINE, FOREST AFTER REMOV 


Le 


z 
o 
& 
> 
9) 
EF 
< 
onl 
re 
< 
z 
SA 
2) 
= 
ro) 
a 
= 
kb 
i) 
Ww 
c 
fe) 
w 
WwW 
Zz 
jou 
w 
<= 
WwW 
=) 
o 


LON 


Fic. 1. 


THE LONGERAP PINE: 


(PINUS PALUSTRIS Miller.) 


GEOGRAPHICAL DISTRIBUTION. 

PRODUCTS AND USES. 

BOTANICAL DESCRIPTION. 

DESCRIPTION OF WOOD. 

PROGRESS OF DEVELOPMENT. 

CONDITIONS OF DEVELOPMENT. 

FOREST MANAGEMENT. 

APPENDIX: THE NAVAL STORE INDUSTRY. 


THE LONGLEAF PINE. 


(Pinus palustris Miller.) 


Synonyms: Pinus palustris Miller, Gard, Dict. ed, 8, No. 14 (1768). 
Pinus lutea Walter, Fl. Car. 237 (1788). 
Pinus australis Michaux f., Hist. Arb. Am. i. 64, t. 6 (1803). 
Pinus serotina Hort. Cf. Bon Jard. 976 (1837) ex Antoine, Conif. 23 (1840-47), not Michx. (1803). 
Pinus Palmiensis Fr. Gard. ex Gordon, Pinetum ed, 1, Suppl. 63 (1862). 
Pinus Palmieri Manetti ex Gord., 1. c. (1862). 


LOCAL OR COMMON NAMES. 


Longleaved Pine (Del., N. C.,8.C., Ga., Ala., Fla., Miss., Pitch Pine (Atlantic region). 


La., Tex.). Longleaved Yellow Pine (Atlantic region. ) 
Southern Pine (N. C., Ala., Miss., La. ). Longleaved Pitch Pine (Atlantic region). 
Yellow Pine (Del., N.C.,S.C., Ala., Fla., La., Tex.). Long-straw Pine (Atlantie region). 
Turpentine Pine (N.C.). North Carolina Pitch Pine (Va., N.C.). 
Rosemary Pine (N.C.). Georgia Yellow Pine (Atlantic region). 
Brown Pine (Tenn.). Georgia Pine (general). 

Hard Pine (Ala., Miss., La.). Georgia Heart Pine (general). 

Georgia Pine (Del.). Georgia Longleaved Pine (Atlantic region). 
Fat Pine (Southern States). Georgia Pitch Pine (Atlantic region). 
Southern Yellow Pine (general). Florida Yellow Pine (Atlantic region). 
Southern Hard Pine (general). Florida Pine (Atlantic region). 

Southern Heart Pine (general). Florida Longleaved Pine (Atlantic region). 
Southern Pitch Pine (general). Texas Yellow Pine (Atlantie region). 

Heart Pine (N.C. and Southern Atlantic region). Texas Longleaved Pine (Atlantic region). 
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THE LONGLEAF PINE. 


By CHarves Monr, Ph. D. 


INTRODUCTORY. 


The Longleaf Pine is the tree of widest distribution and of greatest commercial importance 
in the Southern Atlantic forest region of eastern North America, covering, with scarcely any 
interruption, areas to be measured by tens of thousands of square miles and furnishing useful 
material. 

The timber wealth of the forests of Longleaf Pine, much of which is still untouched, has given 
rise to industries which involve the outlay of vast capital and an extensive employment of labor, 
thus closely affecting the prosperity of a large part of the Southern States as well as the indus- 
trial and commercial interests of the whole country. 

With the impending exhaustion of the pine forests of the North, the lumber interests of the 
country are steadily tending to center in the South, attracted chiefly by the forests of Longleaf Pine. 

The Old World, which has heretofore depended almost entirely upon the pine forests of Canada 
and of the Northern United States for timber for heavy construction, is already importing a large 
amount of hewn and sawn square timber and of lumber from the Southern pine forests. Most of 
the lumber used for ordinary building purposes in the West Indies, on the coast of Mexico, and 
in many of the States of South America is furnished by the mills situated in the Longleaf Pine 
region. The unprecedented increase, during the last quarter of a century, of the population in 
the timberless regions of the far West, as well as in the country at large, enormously augment 
the drafts made upon these forests, threatening their eventual exhaustion and ultimate destruc- 
tion unless measures are taken by which these supplies may be perpetuated. The solution of the 
difficult problem of devising such measures can come only as a result of a study of the life history 
of the Longleaf Pine, of the conditions required for its growth and best development, of the laws 
regulating its distribution, and of the possibilities for its natural or artificial restoration. 


HISTORICAL. 


The economic importance of the Longleaf Pine was well recognized in early times. Bartram,! 
in the year 1777, in his wanderings along the western shore of Mobile Bay, had his attention 
attracted by three very large iron pots, or kettles, each with a capacity of several hundred gallons, 
near the remains of an old fort or settlement, which he was informed were used for the purpose of 
boiling down the tar to pitch, there being vast forests of pine in the vicinity of this place. ‘In 
Carolina,” this writer proceeds, “the inhabitants pursue a different method. When they are going 
to make pitch they dig large holes in the ground, which they line with a thick coat of good clay, 
into which they conduct a sufficient quantity of tar and set it on fire, suffering it to burn and 
evaporate for some time, in order to convert it into pitch, and when cool, put it into barrels until 
they have consumed all the tar and made a sufficient quantity of pitch for their purposes.” 

Humphrey Marshall, one of the earliest writers on North American forest trees,’ mentions 
the Longleaf Pine under the name of the “largest three-leaved marsh pine, as accounted equal to 
any for its resinous products.” In North Carolina crude resin, tar, and pitch figured as important 
and valuable exports during the later colonial times. During the period from 1766 to 1769, $150,000 


1 Bartram’s Travels through North and South Carolina, Philadelphia, 1790. 
2?Humphrey Marshall: Arbustum Americanum, or the American Grove, Philadelphia, 1785. 
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worth of these stores were exported yearly; among them were 88,111 barrels of crude resin, valued 
at $11,244.85. F. A. Michaux, in his travels west of the Alleghany Mountains, speaking of the 
low country of the Carolinas, says:' ““Seven-tenths is covered with pine of one species, Pinus 
palustris, which, as the soil is drier and lighter, grows loftier; these pines, encumbered with very 
few branches and which split even, are preferred to other trees for building fences on plantations.” 
In his subsequent work Michaux gives for the first time an accurate and detailed account of the 
products of this tree and their industrial and commercial importance, as well as of its distribution 
and a description of its specifie characters.’ 

Nore.—In sketching the topographical features of those regions of the Longleaf Pine forests, which did not come 
under the personal observation of the writer, the physiographical descriptions of the Cotton States on the Atlantic 
Coast and the Gulf region published in Professor Hilgard’s report on cotton production in the fifth and sixth 
volumes of the Census of 1880 were freely drawn upon, and these reports were also consulted, together with Table VII 
in the statistics published in the census report on productions of agriculture in the computation of forest areas. 

In the statements of the amount of Longleaf Pine standing in the several States in 1880 and of the cut during 
the same year, the figures given in Prof. Charles 8. Sargent’s report, Vol. IX of the Tenth Census, were introduced, 
and for those which relate to Alabama and Mississippi the writer is mostly responsible. No efforts have been spared 
to arrive at a correct estimate of the total amount and value of square timber, lumber, and naval stores produced 
during the decade ending with the year 1890 and during the business year 1893, in order to place in a proper light 
the economic importance of the tree and its bearings upon the industrial and commercial interests of the country, 
and also to show the rapid increase of the industries depending direetly upon the resources of this tree. The state- 
ments given are, however, of necessity only approximations falling below the limits of truth, as it was impossible to 
ascertain with any degree of accuracy the quantities entering into home consumption. Thus a factor of no little 
importance had to be neglected. 

The thanks of the writer are due to the gentlemen who kindly assisted him by their prompt replies to his 
inquiries in his search for information, and who in other ways have afforded him aid. 


GEOGRAPHICAL DISTRIBUTION. 


The Longleaf Pine is principally confined to a belt about 125 miles in width in the lower 
parts of the Southern States which border upon the Atlantic and the Gulf shores. The northern 
limit of the tree is found on the coast near the southern boundary of Virginia below Norfolk, 
north latitude 36° 30’.. From here the forests of the Longleaf Pine extend southward along the 
coast region to Cape Canaveral, across the peninsula of Florida a short distance south of Tampa 
Bay, westward along the Gulf Coast to the uplands which border upon the alluvial deposits of 
the Mississippi. West of that river forests of this species continue to the Trinity River in Texas; 
in that State its northern limit is found to reach hardly 32° north latitude, while in Louisiana and 
Mississippi it extends hardly more than half a degree farther north, and in Alabama under 34° 30/ 
the tree is found to ascend the extreme southern spurs of the Appalachian chain to an altitude of 
between 900 and 1,000 feet. Thus the area of the distribution of the Longleaf Pine extends from 
76° to 96° west longitude and from 28° 30/ to 36° 30/ north latitude. (See Pl, III.) 

With reference to the distribution of this species as depending upon geological formation, it 
may be said that its forests are chiefly confined to the sandy and gravelly deposits designated by 
Professor Hilgard as the orange sand, or Lafayette strata of Post-Tertiary formation, which of late 
isregarded as the most recent member of the Tertiary formation. Thesesiliceous sands and pebbles, 
which to such vast extent cover the lower part of the Southern States and form also more or less 
the covering of the surface throughout the older Tertiary region, offer the physical conditions most 
suitable to the growth of this tree. 


CHARACTERISTICS OF DISTRIBUTION IN DIFFERENT REGIONS. _ 


This great maritime pine belt east of the Mississippi River presents such differences in 
topographical features and such diversity of physical and mechanical conditions of the soil as to 
permit a distinction of three divisions going from the coast to the interior: 

1. The coastal plain, or low pine barrens within the tide-water region, extends from the seashore 
inland for a distance of from 10 to 30 miles and over. The forests of the Longleaf Pine which 


‘Travels West of the Alleghanies, by F. A. Michaux. Paris, 1803. 
2P. A. Michaux, Histoire des Arbres forestiers de ’Amer., Sept. Paris, 1811. Philadelphia Edition, 1852, Vol. 
ILI, p. 106 et seq. 


Plate III 
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oceupy the poorly drained grassy flats of the plain are very open, intersected by numerous inlets 
of the sea and by brackish marshes, They are also interrupted by swamps densely covered with 
Cypress White Cedar, White and Red Bay, Water Oak, Live Oak, Magnolia, Tupelo Gum, and Black 
Gum and again by grassy savannas of greater or less extent. On the higher level, or what might 
be called the first terrace, with its better drained and more loamy soil, the Longleaf Pine once 
prevailed, but almost everywhere in the coastal plain the original timber has been removed by 
man and replaced by the Loblolly Pine and the Cuban Pine. 

2. The rolling pine lands, pine hills, or pine barrens proper are the true home of the Long- 
Leaf Pine. On the Atlantic Coast these uplands rise to hills over 600 feet in height, while in the 
Gulf region they form broad, gentle undulations rarely exceeding an elevation of 300 feet. Thus 
spreading out in extensive table-lands, these hills are covered exclusively with the forests of this 
tree for many hundreds of square miles without interruption. Here it reigns supreme. The 
monotony of the pine forests on these table-lands is unbroken. 

3. The upper division, or region of mixed growth. With the appearance of the strata of the 
Tertiary formation in the upper part of the pine belt, the pure forests of the Longleaf Pine are con- 
fined to the ridges capped by the drifted sands and pebbles and to the rocky heights of siliceous 
chert, alternating with open woods of oak (principally Post Oak), which occupy the richer lands of 
the calcareous loams and marls. However, where these loams and marls, rich in plant food, 
mingle with the drifted soils, we find again the Longleaf Pine, but associated with broad-leaved 
trees and with the Loblolly and Shortleaf Pine. Here the Longleaf Pine attains a larger size and 
the number of trees of maximum growth per acre is found almost double that on the lower 
division. 

TIMBER REGIONS—SUPPLY AND PRODUCTION, 


The forests of Longleaf Pine can be conveniently discussed by referring to the following geo- 
graphical and limited areas: 

The Atlantic pine region; 

The maritime pine belt of the eastern Gulf States; 

The central pine belt of Alabama; 

The forests of Longleaf Pine of north Alabama (Coosa basin, etc.) ; 

The regions of Longleaf Pine west of the Mississippi River. 


THE ATLANTIC PINE REGION. 


The Atlantic pine region in its extent from the southern frontier of eastern Virginia to the 
peninsula of Florida embraces the oldest and most populous States of the Longleaf Pine district, 
and here the forests have suffered most severely by lumbering, the production of naval stores, and 
clearing for purposes of agriculture. 

Virginia.—The forests of the Longleaf Pine on the southeastern border of Virginia have almost 
entirely disappeared, and are, to a great extent, replaced by a second growth of Loblolly Pine. 

North Carolina.—In North Carolina the area over which this tree once prevailed may be 
estimated at from 14,000 to 15,000 square miles, leaving out of calculation the coastal plain with its 
extensive swamps, wide estuaries, and numerous inlets. From the northern frontier of the State 
southward, some distance beyond the Neuse River, in the agricultural district, the forest growth 
on the level or but slightly undulating pine land is of a mixed character, the Longleaf species being 
largely superseded by the Loblolly Pine, together with widely scattered Shortleaf Pine and decid- 
uous trees—White Oak, Red Oak, Post Oak, Black Oak, and more rarely Mockernut and Pignut 
Hickory, and Dogwood. In this section the lumbering interests are chiefly dependent upon the 
Loblolly Pine (Pinus tada), better known to the inhabitants as the Shortstraw, or Shortleaf Pine 
(not to be confounded with the true Shortleaf Pine). The forests of Longleaf Pine begin at Bogue 
Inlet, extend along the coast to the southern boundary of the State, and inland for a distance 
varying between 50 and 135 miles. 

The highly siliceous soil of these pine barrens offers but little inducement for its cultivation; 
the inhabitants, therefore, from the earliest time of the settlement of the State have chiefly been 
engaged in pursuits based on the products of the pine forests. Here the production of naval 
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stores was first carried on; rosin, tar, and pitch figured in early colonial times among the most 
important articles of export. In consequence, the forests of the Longleaf Pine have been, with but 
slight exceptions, invaded by turpentine orcharding, and at the present time by far the greater 
part of the timber standing has been tapped for its resin. The forests of the Longleaf Pine in this 
State cover the largest area in the basin of Cape Fear River, with Wilmington the main port of 
export for their products, The export from this port had increased from 21,000,000 feet of lumber 
in 1880, to nearly 40,000,000 annually, on the average, for the years 1887 to 1891, 

The forests of the Longleaf Pine on the banks of the Neuse River, in Johnston County and in 
Wayne County, are almost exhausted; about 40 to 50 per cent of the timber sawn at Goldsboro 
and Dover is Longleaf Pine timber from that section, and is invariably bled. A considerable 
number of the trees from the old turpentine orchards, with the excoriated surface of the trunk 
(“chip”) over 25 feet in length and bled again after a lapse of years, show that they have been 
worked for their resin for twenty to twenty-four years in succession, and after a longer or shorter 
period of rest have been subjected to the same treatment continually for the same number of years. 
Such old martyrs of the turpentine orchard are unfit for lumber, but, impregnated as they are with 
resin, are used for piling and for posts of great durability. 

Bast of the Neuse River, from the upper part of Johnston County, in an almost southern 
direction to Newbern, no Longleaf Pine has been observed. Single trees of the Shortleaf Pine 
(Pinus echinata) have been found scattered among the growth of deciduous trees which cover the 
ridges between the Trent and Neuse rivers, and isolated tracts of a few acres of the Longleaf species 
are met with in the low flats of the same section, which were in 1894 almost exclusively occupied 
by the Loblolly Pine. 

As reported for the Tenth Census, the amount of Longleaf Pine standing in North Carolina at 
the beginning of the census year was estimated to be 5,229,000,000 feet, board measure. No reliable 
information could be obtained as to the amount of timber cut since 1880, consequently no data are 
at hand from which to compute the amount now standing. The cut for the year 1880 is given in 
the census report at 108,400,000 feet, board measure. In 1890, eighteen mills were ennmerated as 
engaged in sawing exclusively Longleaf Pine timber, almost all situated in the basin of Cape Fear 
River, with a daily aggregate capacity of 475,000 feet, board measure. Such capacity would point 
to an annual cut of at least 65,000,000 feet, board measure. 


Statement of the shipments of naval stores from Wilmington, N. C. 


[From J. L. Cantwell, secretary Wilmington Produce Exchange.] 


= Spirits of tur- > | Crude resin ™s 
Near. : pentine. | Rosin. or oon mat 
Casks. | Barrels. Barrels. Barrels. 
| 125, 585 663, 967 

90, 000 450, 000 | 2, 323 | ae 

88, 376 425, 925 3,188 | 56, 113 

87, 050 | 31, 966 | 75, 544 

85, 230 

70, 530 

61, 195 

68, 143 

63, 163 

68, 856 

= Fos 71, 949 

349, 500 16, 900 63, 700 

257, 200 15, 500 | 67, 900 

274, 800 15, 500 70, 500 

189, 900 9, 900 | 45, 500 

SROtALS 2+ se -n=e Saves ouude’y 6 sutecate 1, 111, 155. | 5, 560, 051 267, 020 | 868, 323 


WsliOqrccecscde cue escen sce sseaseuae $19, 000,000 | $10, 000, 000 $391,500 | $1, 100, 000 


Total value, $30,500,000. 


Statement of shipments of lumber to foreign and domestic ports from Wilmington, N. C. 


| - : | 
, Feet, board | AS Feet, board | Fas Feet, board | 
Year. measure. | Year. measure. | Year. measure. 
| 
21, 000, 000 | 168i ie macae aie == 36, 000, 000 40,066,000 | 
45, 498, 480 LOBOS. Ade cn oe 39, 500, 000 29, 580, 160 
40, 291, 146 1b: Pe oer Pe ae 41, 000, 000 | 
35, 465, 000 SGHG Seseen eee === 36, 680, 000 


35, 353, 412 


30,000,000 | 1889...........- | 40, 289, 000 | 
jj + 


TIMBER REGIONS—SUPPLY AND PRODUCTION. 33 


South Carolina.—The forests of Longleaf Pine in this State follow more closely the coast line, 
with an extension inland averaging 100 miles. The lower parts of the pine belt, or the Savannah 
region, is low and flat, rising but slowly above the brackish marshes and alluvial lands bordering 
the sea. Traversed by eight large rivers with wide estuaries and bordered by extensive swamps 
of Cypress, Magnolia, Red and White Bay, Laurel Oak, ete., its area has been estimated to be 7,000 
square miles, 4,500 square miles of which are occupied by swamp lands, including the grassy 
marshes on the coast. In the low, perfectly level pine barrens, with a soil of fine, compacted, 
almost impervious sand, covered with the Saw Palmetto, the Pond Pine, and a stunted growth of 
the Cuban and Loblolly Pine, the Longleaf Pine is rarely seen, and always of dwarfed growth. In 
the flat woods bordering the alluvial swamps, heavily timbered with Loblolly and Cuban Pine, the 
Longleaf Pine makes its appearance more frequently, and finally prevails almost exclusively on 
the broad, dry, sandy ridges, associated with the Barren or Turkey Oak (Quercus catesbwi), stunted 
Spanish Oak, and Upland Willow Oak (Quercus cinerea), trees of smaller size forming the under- 
growth. The timber growth on these ridges is rather open and of good quality. As has been 
observed near Ridgeland, in the counties of Beaufort and Hampton, the forests have to a large 
extent given way to the plow, and along the railroads they have been destroyed by turpentine 
orcharding. Upon 1 acre, representing fairly the original timber growth of the forests on these 
ridges, 48 trees of a diameter of from 12 to 24 inches at breast high, with a height of from 50 to 110 
feet, were found. Of these, 4 yielded sticks of clear timber averaging 45 feet in length with mean 
diameter of 18 inches, equal to 2,000 feet, board measure, of first-class lumber. These trees varied 
in age from 136 to 145 years; 8 trees yielded sticks of timber free from limbs 40 feet in length 
with mean diameter of 17 inches, equal to 3,200 feet, board measure, age on the average 140 years; 
12 trees yielded 35 feet length of clear timber with mean diameter of 16 inches, equal to 3,600 
feet of merchantable lumber, age from 130 to 136 years; 8 trees averaged 12 inches mean diameter, 
length of timber 30 feet, equal to 950 feet, board measure, age from 110 to 118 years; 4 trees 
averaged 10 inches mean diameter, length of clear timber 24 feet, wood sappy throughout, yielding 
200 feet of Iumber, age from 80 to 85 years. 

The total yield of merchantable lumber of this acre would be 9,950 feet, board measure, repre- 
senting the average of the better quality of these timber lands. As in the adjoining States, the 
forests along the railroad lines for a wide distance have been subjected to turpentine orcharding, 
and but a small percentage of the timber standing has escaped the ax of the “box” eutter. The 
receipts of naval stores at Charleston during the ten years from 1880 to 1890 averaged annually 
57,570 casks (50 gallons to a cask) of spirits of turpentine and 225,920 barrels of rosin, with the 
largest receipts in 1880 of 60,000 casks of spirits of turpentine and 259,940 barrels of rosin, and 
the smallest of 40,253 casks of spirits in 1888, and 170,066 barrels of rosin in 1886. 


Tabular statement of the shipments of naval stores at Charleston, S. C., from the beginning of 1880 to the close of the year 1894. 


[From the annual statements of the commerce of Charleston, 8. C., publiched in the Charleston Courier.*] 


| Spirits of 


Spirits of | 


RES turpentine. HG) SEN. | ear | turpentine. | Rosin. 
Casks. | Barrels. | Casks. | 
Hb eer pasorcosns | 60, 000 259, 940 43, 127 
TSB U* Seems: 8S AN | 51, 386 231, 417 | 49, 232 
69, 027 258, 446 || 35, 414 
| 65, 914 285, 446 | 25, 969 | 
| 64, 207 264, 049 | 22, 543 | 
| } 218, 971 | 14, 415 | | 
| | 170, 066 | 
171, 154 }| Total 22-22-2252 678, 537 | 


181, 886 || Valne-.--s----= $11, 874, 397 


“The annual receipts on the average equal the exports. 


The rolling pine hills bordering upon the flat woods, or swamps, reach elevations of 130 to 
200 feet above the sea, with a width of from 20 to 40 miles, and, as on the pine ridges of the low 
pine barrens mentioned before, the upland oaks form the sparse undergrowth in the forests of 
Longleaf Pine. Nearly one-third of the area (estimated at about 4,500 square miles) has been 
opened to cultivation. These rolling pine lands rise on their northern borders abruptly to a 
range of steep hills over 600 feet above sea level, covered with a rather scanty growth of Longleaf 
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Pine among the Shortleaf Pine and fine upland oaks, the latter largely prevailing. On the south 
and west these hills merge into an elevated plateau with a loose soil of coarse white sand. Here 
the Longleaf Pine is found in its full perfection and furnishes timber of excellent quality.’ About 
12 per cent of these pine-clad table-lands are under cultivation, and about 22 per cent of the hills, 
with their generous red soil, are covered with a mixed growth of pine and oak; both of these 
divisions cover an area of not less than 4,000 square miles.* 

The Longleaf Pine timber standing in South Carolina in the census year 1880 was estimated 
at 5,316,000,000 feet, board measure,’ with an annual cut of 124,000,000 feet. 

In 1890 forty mills sawing exclusively Longleaf Pine timber have been reported* with an 
aggregate daily capacity of about 510,000 feet, taken at the lowest figure. This would indicate 
for that year a cut of 68,000,000 feet, board measure, which may also be considered the average 
annual cut for the last fifteen years. 

The exports of lumber from Charleston, the chief port, have since the year 1880 steadily 
increased, the excess in 1890 over the amount in 1880 reaching over 400 per cent, as is exhibited 
in the following statement: 


Statement ef lumber exported from Charleston, S. C.,to foreign and domestic ports from the beginning of 1880 to the close 
of 1894. 


[Ineludes considerable Loblolly and Shortleaf Pine.} 


- Feet, board = Feet, board 
Year. measure. Sear measure, 

1879-80 ieee SV ACH May ECE RE sae Soe oe eae es 45, 270, 000 

1880-81 oe 18, 500, 000 || 1888-89.............--...- Ree 50, 532, 000 

1881-82.... os 48,000,000 || 1889-90... 02. Cowen “es 68, 400, 000 

| 1882-83 = 40, 000, 000 || 1890-91. .......-............ 61, 226, 827 

1883-84 35, 589, 000 |} 1891-92. ............-....... 53, 286, 608 

1884-85 30;'034,,000)|)| 1882-98; 52... ooo lo cae 61, 093, 344 

1885-86 DON O00 | 1808-945 se vo race nant onoaae eee 69, 940, 453 
1886-87 82, 672, 000 


Georgia.—The great pine State of the South, which has given to the Longleaf Pine the name of 
Georgia Pine, by which this lumber is known the world over, embraces the largest of the Atlantic 
pine forests. At a rough estimate, these cover over 19,000 square miles, including the narrow 
strip of live-oak lands bordering the seashore. The flat woods and savannas of the coast plain are 
from 10 to 15 miles wide. They are almost entirely stripped of their growth of Longleaf Pine. 

The upland pine forests, the pine barrens proper, or wire-grass region,°® embrace over 17,000 
square miles. This region forms a vast plain, nearly level except on the north, covered exclusively 
with Longleaf Pine. About 20 per cent of these lands have been cleared for cultivation. 

Formerly the principal sites of the lumber industry were Darien, Brunswick, and Savannah 
The logs were rafted hundreds of miles down the Savannah, the Ogeechee, the Altamaha and its 
large tributaries, the Oconee and Ocmulgee. A limited quantity is carried down the Flint and 
Chattahoochee rivers to Apalachicola. The railroads, however, supply the mills now to the 
largest extent. 

The forests of these pine uplands are in quality, and originally in quantity, of their timber 
resources equal to any found east of the Mississippi River. The soil is a loose sand, underlaid by 
a more or less sandy buff-colored or reddish loam, The almost level or gently undulating plain 
becomes slightly broken along the water courses, and the forests of Longleaf Pine are interrupted 
by wide, swampy bottoms which inclose the streams and are heavily timbered with the Loblolly 
Pine, Cuban Pine, Laurel Oak, Water Oak, Magnolia, White and Red Bay, and Cypress. On 
the better class of the pine-timber lands the amount of marketable timber found varies between 
3,009 and 10,000 feet to the acre. The trees yielding lumber and square-sawn timber of the highest 


! Kirk Hammond, Census Report, Vol. VI, Cotton production of South Carolina, 

° Hammond, 1 c. 

‘Report of Tenth Census, Vol. IX. 

4Lumber Trade Directory, Northwestern Lumberman, Chicago, July, 1890. 

‘From the so-called wire-grass Aristida stricta, the most characteristic plant of the dry, sandy, pine barrens 
from western Alabama to the Atlantic coast. 
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grade were found to make sticks of from 40 to 45 feet long, perfectly clear of limb knots, and 18 to 
2° inches mean diameter, giving from 450 to 750 feet of lumber, with the sapwood from 14 to 2 
inches wide. 

The following measurements of trees from a small tract of forest untouched by the ax serve 
as a fair average sample of its timber growth: 


. Bs AY aes Diameter, | Mean | Length of Total Number of 
Number of tree. breast high.) diameter. timber. height. rings. 
Inches. Inches. Feet. Feet. 
28 22 45 | 93 | 250 
22 18 40 | 106 240 | 
19 15 40 96 | 150 
18 15 40 | 93 138 
214 174 | 414 | 97 | 194 
| 


Along the numerous railroad lines and the navigable streams and their tributaries admitting 
of the driving of logs, the forests have been completely stripped of their merchantable timber, 
and the denuded areas to a considerable extent are at present under cultivation. The magnifi- 
cent forests on the Altahama River and between its tributaries, the Ocmulgee and Oconee rivers, 
and als» on the Ogeechee River, have been practically exhausted and are utterly devastated by 
the tapping of the trees for turpentine. In fact, more than two-thirds of all the timber sawn at 
present has been bled. The timber from the turpentine orchards, abandoned for years past, is 
being rapidly removed to the mills, and the vast areas occupied by them will, within a short time, 
be almost completely denuded of the Longleaf Pine, its place being taken by scrubby oaks, dwarf 
hickories, and Persimmon. The timber is transferred to the mills mostly by steam-equipped 
tramroads, and the products of the turpentine distilleries in the remoter districts are hauled 
to the highways of commerce by ox teams for distances of 12 miles and over. 

Considering the removal for their timber of trees far below medium size and during the best 
period of their growth, the destruction of still younger trees by turpentine orcharding, and ot 
the young seedlings by fire, the prospect for the future of the lumber industry and the renewal 
of the forests of Longleaf Pine in this region are gloomy. Many of the intelligent men practically 
interested in the timber lands of this State aver that the exhaustion of the forests of the Longleaf 
Pine is a question of but a short space of time, to be accomplished before another generation has 
passed. 

The amount of timber standing at the end of the census year 1880 had been computed at 
16,778,000,000 feet, board measure, and the cut at 272,743,000 feet. 

From the publication quoted, it appears that in the year 1890 there were 88 sawmills in opera- 
tion in the great pine belt of Georgia, sawing exclusively Longleaf Pine timber. On the basis of 
lowest figures cited, the daily cut at these establishments during that year would not fall short 
of 1,667,000 feet. 

No statistical returns of the lumber trade previous to 1884 could be obtained at Savannah, 
Darien, or Brunswick. The export from the first of these ports averaged about 73,000,000 feet, 
board measure, a year, Showing but slight fluctuation during the period beginning with 1884 to 
the close of 1889, when in the subsequent two years the annual average increased to 118,000,000 
feet, board measure. The exports from Darien and Brunswick, averaging 82,000,000 and 
$5,000,000 feet, respectively, for a similar period of time, show also but small differences from one 
year toanother. About 30,000,000 to 33,000,000 feet are rafted down the Flint and Chattahoochee 
rivers, to be sawn at Apalachicola. With the spread of the sawmills along the railroad lines in 
the upper part of the pine region, the shipments of lumber by rail to distant Northern markets 
increased steadily, until in 1892 it was found that the production of Longleaf Pine lumber shipped 
by rail to Northern markets exceeded 60,000,000 feet. 
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Tabular stalement of exports of lumber from Savannah, Darien, Brunswick, and St. Marys to foreign and domestic ports 
and shipments by railroad to inland markets from 1883-84 to 1893-94, 


Savannah | Otherwise 
Railroad. by rail. 


| | 
Feet, B. M.| Feet, B. M. | Feet,B.M. | Feet, B.M. | Feet,B.M.| Feet, B.M. | Feet, B. M. 
82, 100, 000 90, 100, 000 84, 700, 000 8,500, 000) 15 3..05-.0- 
69, 100, 000 72, 900, 000 | 87, 500, 000 S BOD M00) oes ee socwecs kl bo oee eee. 
68, 000, 000 83, 000, 000 BO UU O00 gaa ww ccwecadlantecs oaopanmslis rams eg we 
68, 400, 000 90, 000, 000 88,000, 000 |. 
70,400,000 | 90, 000, 000 88,000, 000 |... 


Year. Savannah. Darien. Brunswick. | St. Marys. | Flint River. | ‘Yotal. 


Feet, B. M. 


78, 100, 000 85, 000, 000 82, 000, 000 |... 

..) 128,600,000 | 70, 000, 00) 84,000,000... 
1800-Ols oo seuxk os dacen coe 107, 300, 000 80, 000, 000 UOT TY Pe ea a a EE Ss 3) ioeeeeheedees eee Orel Cerro Faye 
160] -02. cna csenncoueeeen=4 138, 300,000 | 85, 000, 000 80, 000, 000 |... 50, 000, 000 16, 900, 000 33, 000, 000 403, 200, 000 
1803-08 505% seis en cee eee 116, 100, 090 85, 000, 000 80, 000, 000 |....... a's 50, 000, 000 16; 000) OUD) asopa et aaeesee 347, 000, 000 
1806-04) cco sesacecsee nee 77, 400, VOU 85, 000, 000 £0,000, OOD) |= s2- eee eee 50: 000; 000!1- ie. ceeccees eee eeeicke se i 292, 000, 000 
GM << sna nnseaere ae 935, 800, 000 833, 000, 000 834, 200, 000 17, 000, 000 150, 000, 000 32, 900, 000 33, 000, 000 | onsesereveccce 

| 


This makes a grand total for the ten years ended 1894 of 2,336,000,000 feet, board measure, 
with an aggregate value, at present export rates ($11 per 1,000 feet), of at least $31,196,000. 

In the production of naval stores Georgia takes the lead. By the statements of the census 
of 1870, only 3,208 casks of spirits of turpentine and 13,840 barrels of rosin, valued at $95,970, 
were produced during that year in the State. In the course of the following ten years this 
industry progressed steadily and rapidly. In 1888 exports from Savannah, at present the 
greatest market in the world for these products, had increased to 168,000 casks of spirits of 
turpentine and 654,000 barrels of rosin, of a total value of $3,880,000, 


Statement of exports of naval stores from Savannah during the years 1880-1894, 


| ~ Spirits of pes a Spirits of | . 
| Year. iuerenitine! | Rosin. Year. caroentaae Rosin. 
| — — - 
| | 
| Casks. | Barrels. Casks. | Barrels. 
1879-80......-..-.-- 46, 321 y 159, 931 | 577, 990 
1880-81. ...-..-.---- 54, 703 181, 542 i 
2 } 77,059 | 196, 227 
116, 127 196, 166 
129, 835 | 234, 986 
121, 028 277, 617 
106, 925 261, 081 
146, 925 Se ee, 
TBS7-88: .-2Fteees se 168, 834 | 2,475, 297 9, 637, 830 
{ i 


Valued at $49,401,031. 


The highest prices for these stores in Savannah were obtained in 1880, with $19.50 per cask of 
50 gallons for spirits of turpentine and $2.25 per barrel of rosin of 280 pounds gross; and the lowest 
in 1887-88, with the price of spirits of turpentine at $14.25 per cask and $1.40 per barrel of rosin. 
On close scrutiny of the prices ruling at Wilmington, for the eleven years after 1880 the price of a 
cask of spirits of turpentine averaged $15 and of a barrel of rosin $1.90, lowest grades of the latter 
excluded. 

Florida.—That part of the State between the Suwanee River and the Atlantic Coast, as far 
south as St. Augustine, can be considered as part of the Atlantic pine region, and covers an area 
of about 4,700 square miles. In the basin of the St. Johns River a large part of the land has 
been devoted to the cultivation of the citrus fruits. The principal sites of the manufacture of 
lumber in this section of the State are Ellaville, in Madison County, on the Suwanee River, and 
Jacksonville. The supplies once existing along the Cedar Keys and Fernandina Railroad are at 
present well-nigh exhausted. South of St. Augustine the Longleaf Pine is less common and in 
general inferior in size. The timber on the extensive flat woods to the Everglades, covered with 
the Saw Palmetto, is stunted and the forests are very open, and in the more fertile soils Longleaf 
Pine is largely replaced by Cuban Pine. In the central section of the peninsula, with its numerous 
lakes, the Longleaf Pine is largely associated with the Sand Pine (Pinus clausa), and hard woods 
prevail on the upland hummock lands. 


THE MARITIME PINE BELT OF THE EASTERN GULF REGION. 


From the banks of the Suwanee River to the uplands bordering the alluvial lands of the 
Mississippi this pine belt, varying from 90 to 125 miles in width, covers an area roughly estimated 
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at a little over 40,000 square miles. It presents no material differences from the Atlantic region, 
of which it is a direct continuation, being similar to it in both soil and climate. 

This eastern Gulf region is unsurpassed in the advantages it offers for the development of 
the industries based on the products of the pine forests. Its genial climate throughout the year 
permits the uninterrupted exploitation of its abundant resources of resinous products and of timber 
of the best quality. The fine harbors and safe roadsteads on the Gulf Coast are reached by navi- 
gable rivers, which, with their tributaries, cross the lower division in every direction, and give 
ready and cheap transportation to its ports, while great railway lines afford easy communication 
with inland markets. This region thus presents inducements scarcely found elsewhere for the 
investment of capital and labor in the development of the resources of its forests. 

It is impossible to arrive at anything like an accurate estimate of the amount of timber 
standing at present, or of the rate of its consumption, since in the returns of the annual lumber 
product that needed for home consumption has not been included. 

Western Florida.—Placing the eastern limit of that part of Florida to be considered as 
belonging to the Gulf pine region at the lower course of the Suwanee River, the area included 
comprises about 7,200 square miles, exclusive of the swamps and marshes of the coast. The 
forests of Longleaf Pine form a narrow strip along the course of the Suwanee River and along 
the coast to the Appalachicola River, covering about 1,280,000 acres. At their northern limit 
they merge into the oak and hickory uplands of middle Florida. Along the coast they are sur- 
rounded by marshes and swamps, rendering them difficult of access, consequently they have 
remained untouched. The same may be said of the pine forests between the Appalachicola and 
the Choctawhatchee rivers. These have been invaded to some extent along the banks of the 
latter river to supply the small mills situated on the bay of the same name. 

The pine lands of western Florida rise slowly above the coastal plain and form a vast expanse 
of slightly undulating surface. Those surrounding Perdido, Pensacola, Blackwater, and Mary 
St. Galves Bay, the oldest sites of active lumber industry in the Gulf region, were stripped of 
their valuable timber more than thirty years ago, and since that time have been eut over again. 

The largest tracts of finely timbered virgin forests of Longleaf Pine are found in the undulating 
uplands from the Perdido and Escambia rivers along the Alabama State line to the banks of the 
Choctawhatchee River. East of this river, in the same direction, where the younger Tertiary 
strata make their appearance, Longleaf Pine becomes associated with hard woods, with southern 
Spruce Pine added in the valleys. Since the opening of the Pensacola and Atlantic Railroad 
considerable quantities of sawn square timber find their way to Pensacola from these remoter 
forests. 

A large portion of the timber supplied to the mills along the coast having been derived from 
Alabama, it is impossible to arrive at an exact estimate of the products of the forest of western 
Florida. 


Statement of export of hewn square timber, sawn square timber, and lumber to foreign and domestic ports from Pensacola, 
Fla., from 1879-80 to 1892-98. 


[From Hyer & Bro.’s annual circulars. ] 


| : ee Square sawn 
~ Year. mites hewn Gaia and Total. 
ds tumber. 
— 4S 
Cubic feet. Feet, B. M. keet, B. M. 
2,180, 000 | 176, 000, 000 | 202, 000, 000 
| 209, 998, 000 264, 000, 000 
54, 305, 000 230, 000, 000 
59, OOU | 8, 100, 000 211, 386, 000 
031, 000 | , 890, 000 219, 286, 000 
27, 000 | 76, 000 211, 131, 000 
, WOO 5, 750, 600 228, 590, 000 
| 36, 000 84, 600 
283, 000 , 400 
74, 000 | , 000 
367, 000 | , 587, 000 
1,550, 133 . 125, 000 
1, 488, 272 , 081, 000 294, 
1, 449, 910 252, 808, 000 | 270, 208, 000 


, 534, 352, 300 | 


In the shipment of these products in 1885, valued at $2,505,500, there were 471 vessels engaged, 
of 294,595 tons, of which 370 of 95,922 tons cleared for foreign ports. 
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During these fourteen years the price of square timber and lumber taken in the aggregate 
averaged about $12.50 per 1,000 feet, board measure. On this basis the value of the mill products 
for these parts of the forests of Longleaf Pine amounted to $3,155,670 a year. 

For the past forty years, during which the lands of the peninsula part and in middle Florida 
have passed mostly into possession of small proprietors, no naval stores have been produced 
in this section. In western Florida, however, in proximity to the Louisville and Nashville and 
Pensacola railroads, large areas have been subjected to the tapping of the trees, and the forests 
close to these railroads having been exhausted, the products of the turpentine stills are hauled 
for a distance often exceeding 10 miles and find their market mostly at Mobile. 

Alabama.—Owing to the diversity in geological conditions and in topographical features 
prevailing in this State, the distribution of the Longleaf Pine presents within its borders 
peculiarities not found elsewhere. It appears in three separate regions—the maritime pine belt, 
the central pine belt, and the pine forests of the Coosa Basin and other outlying forests in north 
Alabama. 

The coast pine belt extends from the Gulf shore inland for a distance of from 90 to 100 miles, 
and has been estimated to cover about 15,750 square miles, or 8,800,000 acres, outside of the swamps 
and flatwoods of the coast plain. The latter, perfectly level or rising in gentle swells above the 
tidewater marshes, is almost completely stripped of its original timber growth. After its removal 
the Longleaf Pine has largely been replaced by Cuban Pine. 

The rolling pine uplands rise to a height of from 200 to 350 feet above the lowlands of the 
coast. In the lower part of this pine belt, where the sandy and gravelly deposits of the latest 
tertiary strata prevail, the Longleaf Pine forms pure forests, with the exception of the narrow 
strips of hardwood timber bordering the water courses. This lower division covers about 4,250,000 
acres. In the extent and quality of their timber resources these Longleaf Pine forests can be 
considered equal to those found in the adjoining parts of Florida and in Mississippi, and 
unsurpassed by those of the most favored sections of the Atlantic pine forest. 

The following measurements of trees felled near Wallace, Escambia County, in collecting 
the material for the United States timber tests, will serve to represent fairly the quality of the 
merchantable timber in conformity with the standard in vogue at the mills in 1880, and the relation 
of age to growth: 


Measurements of jive trees. 


. ——— = —= — 


~ 7 5 Length of 
Diameter, Tots >: Diameter | Mean diam- "5 
Number of tree. | breast ee | ee on below eter of ne ns 
high. ts aah stump. | crown. timber. ir de 
| | nots. 
| 
Tnches. Feet. Tnches. Tnches. Feet. 
26 106 216 18 22 50 
19 | 111 189 l4 16 60 
La spp! 183 12 =| ld 45 
| 18 | 113 196 15 17 50 
19 118 182 | 13 16 50 
AVETAZC.. 220-2 ecnnececeen==-= 19.6 M1 193 14.5 17 51 


At alumber camp near Lumberton, in Washington County, 9 timber trees were measured 
showing on the average a mean diameter of 17 inches, the clear sticks averaging 40 feet in 
length. 

Upon 1 acre, selected at random in the untouched forests north of Springhill, Mobile County, 
very open and free from smaller trees or undergrowth, 16 trees were counted above 16 inches in 
diameter at breast high, namely, 2 trees 23 inches in diameter at breast high, estimated length of 
timber, 40 feet; 2 trees 20 inches in diameter at breast high, estimated length of timber, 40 feet; 
12 trees 16 to 18 inches in diameter at breast high, estimated length of timber, 35 feet; which in 
the aggregate would yield about 5,000 feet, board measure. 

Upon another acre plat of the same quarter section 64 trees above 12 inches in diameter at 
breast high were found; of these 2 trees measured 20 inches in diameter at breast high, estimated 
length of timber, 40 feet; 26 trees measured 17 inches in diameter at breast high, estimated length 
of timber, 36 feet; 36 trees measured 15 inches in diameter at breast high, estimated length of 
timber, 24 feet. 
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Upon a third plat exceptionally heavily timbered, 45 trees were counted, of which 5 trees 
were 25 inches in diameter at breast high, the clear timber averaging 50 feet in length; 12 trees 
22 inches in diameter at breast high, length of timber 50 feet, and 28 trees 16 to 18 inches in 
diameter, average length of timber estimated at 30 feet. Such a stand would indicate a yield of 
merchantable timber of at least 15,000 feet, board measure, to the acre. All over this lower 
division boggy tracts are eequenale met with, in which he sour, black soil is covered with 
sphagnum, or bog moss; these support only a few scattered pines. On many of the steeper ridges 
the soil is pure sand and the pine growth is small and inferior, being largely replaced by Barren 
Oak, Sparkleberry, and the evergreen heather-like shrub Ceratiola ericoides. 

In this lower division of the maritime pine belt the manufacture of lumber and the produc- 
tion of naval stores is carried on most actively. These products find their outlet chiefly at Mobile, 
while more than one-third of the lumber exported from Pensacola (to the amount of at least 100,- 
000,000 feet annually for the past few years) is also derived from this division. In the upper half 
of the maritime pine belt, with the appearance of the outcrops of limestones and limy marls of the 
Lower Tertiary (Eocene) formation, the country becomes more broken, with steeper hills and wider 
valleys, and a change in the character of the flora takes place, particularly manifest in the nature 
and distribution of the tree growth. In the fertile valleys and on the lower flanks of the hills 
broad-leaved trees, mostly Post Oak, Black Oak, Mockernut, Bitternut, Pignut, and Magnolia 
prevail, interspersed with Shortleaf Pine, Loblolly Pine, and Red Cedar—the Longleaf Pine 
occupying sporadic patches of drifted sands and pebbles. On the steep and frequently wide 
ridges capped by these deposits, and on the rugged hills of the buhrstone and flinty cherts this 
tree forms the principal growth, and is in the openings more or less associated with broad-leaved 
trees. From this commingling of cone-bearing and deciduous trees and the alternations of pine 
forest and oak woods, this upper division has been designated as the region of mixed growth, 
which at a rough estimate can be said to cover about 5,000 square miles. 

In the deep soil of light loam and strong loamy sands the Longleaf Pine attains a splendid 
growth and the number of large trees on a given area is greater than found in the lower division. 
The following measurements of 5 trees felled for test logs fairly represent the average dimensions 
of the timber trom these hills in the vicinity of Thomasville, Clarke County: 


Measurements of five trees. 


| | | Diameter 
«oa j7|Diameter| below Mean ape Total 
Number of tree. ers in| preast | crown, or| diameter eee height of 
iE high. | top end |oftimber. , tree. 
lof timber. (as 
| ~ = 
Inches. | Inches. | Inches. Feet. Feet. 
\ 202 | 20 15 | 18 45 108 
163 | 21 14 17 40 115 
210 | 98 16 19 40 110 
160 26 | 19 22 40 111 
110 7 13 15 30 92 
171 | 21.2 15.4 18.2 39 106, 2 
| 


Many of the trees of larger size were found affected by wind-shake in the direction of the 
rings of growth (ring-shake), in many instances impairing greatly the quality of the timber. The 
forests on these hills are open, with a comparatively small number of young trees. Upon 1 acre 
selected at random 46 trees were counted; of this number were found 4 trees of a diameter of 25 
inches breast high, and the length of timber about 40 feet; 10 trees of a diameter ot 22 inches 
breast high, and the length of timber about 36 feet; 26 trees of a diameter of 18 inches breast 
high, and the length of timber about 30 feet; 6 trees of a diameter of 15 inches breast high, and 
the length of timber about 25 feet. 

On the average each one of these trees would yield about 400 to 450 feet, board measure. On 
another acre 44 trees were found differing in their average dimension but slightly from the above, 
and indicating a yield between 18,000 and 19,000 feet of lumber to the acre. In this upper part of 
the coast pine belt lumbering and turpentine orcharding have not developed to any great extent, 
owing to its inaccessibility. However, where railroads traverse the section, the manufacture of 
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lumber is carried on extensively, the output going to Northern markets. Much of the heavy hewn 
timber that is exported from Mobile and Pensacola is furnished by this section. 

In collecting the statistics on the lumbering interests in the maritime pine belt of Alabama 
the information kindly furnished by firms engaged in the sawmill business or the lumber trade has 
chiefly been relied upon. The annual production was arrived at by multiplying the average daily 
output reported by 200, the assumed number of working days of the year. From these data it 
appears that during the year 1593 the daily output of the 25 points reported from amounted in the 
aggregate to about 768,000 feet, or to 192,000,000 feet, board measure, for the year. This figure can 
be said to represent the average of the annual production for the past three years. To this amount, 
at a low estimate, 85,000,000 feet of round timber are to be added, cut in Alabama and sawn in 
western Florida, including the hewn square timber shipped from the State to Pensacola, thus 
swelling the present annual production of lumber and square timber in the maritime pine belt of 
Alabama to a total of about 277,000,000 feet, board measure. The statement of the annual exports 
of these products from Mobile by water and by rail for the past fourteen years will aptly illustrate 
the steady increase of the lumbering interests during this period. 
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Statement of exports of square timber, hewn and sawn, and of lumber shipped from Mobile to foreign and domestic ports from 
the year 1879-80 to the end of the year 1894. 


Square | Total lumber 
Year. timber, hewn Lumber. and square Value. 
| and sawn. limber. | 
| = = — —|———_—_— = —EE 
Cubic feet. | Feet, B.M. | Feet, B.M. | 
745,000 13,572,000 22,525,000 $280, 825 
1, 725, 000 18, 161, 000 | 3 2, 000 400, 348 
1,674,000 ¢ i | 53, 350, 000 710, 012 
1, 652, 804 | 46, 588, 000 582, 000 
3, 810, 714 | 67, 978, 000 801, 699 
3, 121, 7 ob, } 59, 945, 000 | 636, 953 
2 21, 435, 500 56, 580, 000 588, 148 
1, 29, 346, 000 60, 723, UO0 |: 641,215 
2, 46 29, 257, 000 59, 740, 000 677, 804 
3, 48, 284, 000 100,000,000 | 1, 081, 828 
3, 52,879, 000 | = 111,659,810 | 1, 201, 934 
| 1890-91.... 3, 50, 892, 000 | 122,000,000 | 1,415, 000 
1891-92 5, 61, 865,895 | 141, 793, 700 1, 695, 000 
1892-93... 5. i 79, 304,565 | 162,666,700 | 1, 590, 900 
1893-94 4, 147, 825 | 67, 209, 745 | 126,684,500 | 1, 270, 000 
| ! 


The first statement of the production of naval stores in Alabama is that reported to the census 
of 1850, mentioned in that year as of a value of $17,800. In 1870 the production had increased 
to 8,200 casks of spirits of turpentine and 53,175 barrels of rosin, valued at $280,203. In 1875 the 
receipts in the market of Mobile had fully doubled, amounting to nearly 20,000 casks of spirits of 
turpentine and to from 75,000 to 100,000 barrels of rosin, besides 1,000 barrels of tar and pitch, 
of a total value of $750,000. The largest production was reached in 1875, when the receipts reached 
a value of $1,200,000, up to the present only approximated in 1883 with 43,870 casks of spirits of 
turpentine and 200,025 barrels of rosin, valued at $1,109,760. Since 1888 a steady decline in the 
receipts of these products has taken place, due to the exhaustion of the supplies near the commer- 
cial highways. 

Table of exports of naval stores from Mobile during the period of 1880-1894. 


Spirits 


Spirits Total . Total 
Year. turpen- Rosin. ere Year. turpen- | Rosin. 
vine value, tine. | value. 
Barrels. | Barrels. 
158, 482 |. -|| 1887-88......-. | rey Bh Pan eee 
170, 616 | 1888-89. . 106, 129 |.... = 
172, 438 |, 1889-90. 95, S0GtICL See ae 
200,125 1890-91 89, 872 $535, 690 
210, 572 |. 1891-92........ 87,926 | 458,002 | 
200, 688 |. 1892-93........ 69, 120 355, 180 
175, 817 1893-94........ 85, 619 453, 656 
1886-87...... 182, 955 
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THE CENTRAL PINE BELT OF ALABAMA. 


The middle portion of the State is crossed from its eastern boundary nearly to its western, 
with a decided northern trend along the western border, by a belt of drifted loamy sands, pebbles, 
and light loams covered in the eastern and central parts with an almost continuous forest of Long- 
leaf Pine, interrupted only by strips of hardwood which occupy the bottom lands. In its eastern 
extent the Longleaf Pine becomes associated with upland oaks, hickories, and Shortleaf Pine, the 
Longleaf Pine being entirely replaced in the northern extension of this belt by the latter species. 

This region of gravelly hills, as it is designated in the agricultural reports,! is 200 miles in 
length, 5 to 35 miles in width, and extends oyer about 2,000 square miles. In the sections where 
the forest consists almost exclusively of Longleaf Pine the stand of timber is heavy and of fine 
quality. Operators claim for these timber lands a yield of from 5,000 to 6,000 feet of merchantable 
timber to the acre, excluding all trees under 12 inches diameter. 

Ever since the opening of the great railroad lines leading to Northern markets the manufacture 
of lumber in this central pine belt has been carried on with unabated activity. In 1880 not less 
than 80,000,000 feet, board measure, were transported by the Louisville and Nashville Railroad 
alone, mostly to the great Northwestern centers of commerce. In 1886 the production declined to 
50,000,000 feet. At present most of the older mill sites have been abandoned and a few new ones 
established in other localities. Colonel Wadsworth reports 12 mills in operation located along 
the Louisville and Nashville Railroad, with an output of a little over 40,000,000 feet a year on the 
average of the past few years. To this is to be added the production of the few mills on the Mobile 
and Birmingham Railroad, which will increase the present production in the central pine belt to 
about 50,000,000 feet a year. 


THE FORESTS OF LONGLEAF PINE IN NORTH ALABAMA, 


Forests of Longleaf Pine prevail with more or less interruption in the basin of the Coosa River, 
principally on the beds of flinty pebbles and light, sandy loam which follow the upper course of 
the river from the base of the Lookout Mountain range near Gadsden to a short distance beyond 
the State line in Floyd County, Ga., where the Longleaf Pine finds its northern limit in about 34° 
north latitude, at an elevation above the sea of about 600 feet. With the reappearance of the 
above deposits south of Calhoun County the pine forests extend on the eastern side of the valley 
south to Childersburg. On the isolated ridges of old Silurian sandstone (Potsdam), and the met- 
amorphic region adjoining, the Longleaf Pine is scattered and stunted and is not found at a greater 
height than 1,000 feet above the sea. In proximity to the mineral region the rugged hills and 
mountain sides have been completely denuded, the pine having been cut for charcoal to supply the 
blast furnaces. In the valleys the forests of Longleaf Pine are of average density and the timber 
is considered of excellent quality, particularly in the northern part of the valley in Etowah and 
Cherokee counties. On the lower hills the timber is less abundant and somewhat inferior in size. 
The measurements of five trees felled in the hills near Renfroe, Talladega County, can be said to 
fairly represent the average quality of this pine timber. The undergrowth in the open forest 
covering the low ridges and the narrow valleys is dense, consisting of Blackjack, Spanish Oak, 
Pignut, and Bitternut Hickory. 


Measurements of Jive trees. 


. . 6 Total 
r Ete Rings on Diameter Mean Length of ps s 
Number of tree. stump. breasthigh. diameter. timber. nae of 

| Ss. 

Inches. Inches. | Feet. Feet. 
| 135 12 50 95 
165 1 17 35 95 
| 170 1 18 45 108 
| 215 21 18 45 112 
| 206 20 15 0 109 
Aiverapees cen nearest cases 178 20 16 | 45 104 


‘E. A. Smith: Agricultural Rescurces of Alabama, Vol. V. Reports of Geological Survey of Alabama. 
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The extinction of Longleaf Pine in the forests of north Alabama, as far as economic value is 
concerned, appears to becertain. The dense undergrowth of deciduous trees suppresses completely 
the second growth of the Longleaf Pine in the closed forest as well as in the openings. On the 
mountain slopes a young pine is rarely seen, no tree being left to serve for the future dissemination 
of the species, and the few seedlings sporadically springing up are invariably destroyed by the 
firing of the herbage one year after another. 

The output of the mills at Gadsden and the mills in Talladega County along the Birmingham 
and Atlantic Railroad combined appears scarcely to exceed 50,000,000 feet, board measure, on the 
average per year. <A fine forest of Longleaf Pine is found in Walker County, strictly confined 
within an isolated patch of silicious pebbles and sands, said to cover about 60,000 acres. Distant 
abont 10 miles from the nearest railroad this forest has been but slightly invaded, and that to serve 
a small local demand. 


Summary statement of shipments of lumber and square timber from chief centers of production in Alabama during the year 


1892. 

Feet, B. M. 

Mobile exports to foreign ports, coastwise, and shipments by rail! .........--...---. 143, 800, 000 
Estimated cut in Alabama and sawn in western Plorida...........---...----.------ 85, 000, 000 
Transported by rail, mostly to northern markets?............---..----.------.----- 95, 200, 000 
Centralupine elon aon as == n> seen nae eee eee cen eee cone ene eee eee eer 51, 000, 000 
Coosa basin *.... .- Bn Ae OA ames ERO ORR ae Oo ROU EOE SHARC HO aan aeu mae 50, 000, 000 
mT rh 4 A ee an ee i SESS be i est at ee sae cigstees enw tae femeeeaceeie 425, 000, 000 


Mississippi.—W hat has been said of the forests of the maritime pine belt in Alabama applies in 
general to the same region in Mississippi. The coastal plain above the extensive grassy inarshes 
lining the seashore and the wide estuaries of the streams covers a larger area, being from 10 to 20 
miles in width and embracing, at a rough estimate, about 728,000 acres of the 16,410 square miles 
within the limits of the pine belt. The broad, scarcely perceptible swells, with a soil of sandy 
loam and loamy sand, were originally well timbered, the widely spreading depressions with soil of 
fine, compacted sand, poorly drained, bearing a sparse and inferior timber growth. The timber 
produced on these flat woods, or “pine meadows,” as they are aptly called in the adjoining section 
of Alabama, being of slow growth, is hard and of fine grain, frequently with the fibers of the younger 
wood contorted and of varied tints of color. ‘This so-called curled pine is susceptible of high finish 
and is much appreciated for fine cabinet work. There is comparatively little valuable timber left 
in this coastal plain. The remainder serves largely for the making of charcoal and cord wood for 
the New Orleans market. 

The rolling pine lands, rising suddenly above the plain, almost exclusively covered by the Long- 
leaf Pine, cover (roughly estimated) about 7,712,000 acres. The western limits of these forests are 
difficult to define, numerous outlying tracts being found to extend into or even beyond the region 
of the loamy hills. Theregion of mixed growth, characterizing the upper division of the maritime 
pine belt in Alabama, enters the State in the shape of a triangle, with the base along the Alabama 
State line from Bucatunna to Lauderdale and its apex near Brandon, in Rankin County. The 
generous soil of the arable lands in this region is mostly under cultivation. The forests of Longleaf 
Pine covering the steep hills, rather remote from the high roads of commerce, have been as yet but 
little exploited. About 12,000,000 feet, board measure, of lumber are shipped annually by the 
way of the Mobile and Ohio Railroad, mostly to Mobile, from this region of mixed growth. 

From the information that could be obtained, it appears that the cut of Longleaf Pine timber 
in this State on the average for the past three years reached between 422,000,000 and 425,000,000 
feet. The chief center of the lumbering industry is located above the Pascagoula River, at Scran- 
ton aud Mosspoint, where it has made great progress during the past thirteen or fourteen years. 
In 1880, 60,000,000 feet, board measure, were shipped to foreign and domestic ports, which in the 

‘Annual statement of commerce of Mobile. Mobile Register, September 1, 1892. Compiled from returns made 
to the Mobile Board of Trade. 

? Production of mills south of Montgomery, ete. 

° Production of mills on Louisville and Nashville Railroad, north of Montgomery to Calera, by Colonel Wads- 
worth. 

‘Production of mills on Southern Railway, north of Selma to Stanton, by M. Hanson, 
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year 1892 had increased to 127,000,000. Comparatively much larger increase is noticeable in 
the shipments by rail to inland markets. By the reports courteously furnished by the auditor of 
the Illinois Central Railroad in Chicago, in 1880, 12,000,000 feet, board measure, reached Northern 
markets by this line, which in 1888 had risen to 62,000,000, with a falling off in the succeeding 
year to 52,000,000, In 1892 the shipments increased again to 78,240,000, and reached in 1893 
181,424,000 feet, board measure, 

With the opening of the New Orleans and Northeastern Railroad, in 1883, the lumbering 
iudustry took an active start in the virgin pineries. In 1892 fourteen mills are on record, with a 
daily capacity of not less than 400,000 feet; this amount corresponding fully to the actual output 
for 1891 as well as 1892. According to Mr. Rich, of Richburg, in consequence of the depression 
during the year 1893, the output was reduced about one-half. 

The following table of partial data regarding annual shipments, made during the thirteen years 
ending with 1893, from the chief centers of production shows clearly the constant increase of the 
lumbering industry since the close of the year 1880: 


Tabular statement of lumber shipped annually by water and by rail from the centers of production in Mississippi, 1879-80, 


1883-98, 
| | New Orleans ae 
7 Pascagoula | Pearl River | r | Illinois Cen- 
Year. Serer ae and Northeast-| 2) 3. 
River. | Basin. aaniat lena tral Railroad. 
Feet, B.M. | Feet, B. M. Feet, B.M. | Feet, B. M. 
MOT O-S0 sam innwicacac asain sinninnacenema= 60, 000, 000 35, 000, 000... 12, 000, 000 


28, 000, 000 


S83 BA Nee oes slam = aia eee = nm 67, 308, 000 35, 000, 000 |... 
eee noe 36, 000, 000 


USS4= 8522 come an cence eee eseeace 67, 839, 000 |.-.- 
i eo eee ee ea sn oro Scones sccsse spe pecaee - 30, 000, 000 
USO ee acemeenssquacioernccarseos 70, 000, 000 |. a me 40, 000, 000 
Uae 58 Genaccns erences otetaed sone Bean ton] Pa eee aceh has [nee 62, 000, WOO 
TTSt oe a ee ee Ssaerecaeos 107, 000, 000 36, 000, 000 5d, 000, 000 52, 000, 000 
TB89 =O) Eee seek ya eee eh = aise acne 119, 255, 000 | | 64, 000, 000 
UGE EG) lps BER ee ee Se ae TOSCO N O00) 9 Soc QUO QUO hans eee oe eee 


UCMIUEM PS So eee scossssterecreses ss 127, 002, 000 78, 240, 000 
UEUP CURD pp cereore cooen a ceca oncears Scsor jsesccoscc 181, 424, 000 
a From 60,000,000 to 90,000,000. 

RECAPITULATION FOR 1891-92. 

TEESE VE TENG ees oe PE Or ES On ee oo eer Oonce eSB na temaoes Scie sen 127, 000, 000 
Parner DAS Ne see see se se ee een en om eS as erica = Se are 36, 000, 000 
ENO COMUrAL UR SILTOARM eae noes en ee coe ie ame aie ook naan 78, 000, 000 
New Orleans and Northeastern Railroad ...........-.-...-..-----.----- 60, 000, 000 
Mo bileiand! Onx0r kali on Ole eee ate ee oe eter a= coe ee ree ree 12, 000, 000 
(OUNCE Samos ceeccOcsceder Go TSS ecn Deb DOOL HUSH OS Sr See ue cee ICere ae eeers 20, 000, CUO 

GY OS ae oie me i SSS SCO SO EOMCIE AO SEE H erie aaa e CaS ICE tenes 333, 000, 000 


From this amount are to be deducted about 18,000,000 feet of lumber received from Mobile to 
complete cargoes, and 12,000,000 feet of timber cut on the western frontier of Alabama and finding 
an outlet at Pascagoula by the Escatawpa River, leaving a round 300,000,000 feet, board measure, 
for the cut in Mississippi in 1892, against 108,000,000, the cut reported to the census in 1880, 

With the exhaustion of the forests along the Pascagoula and Escatawpa rivers and a few points 
between these streams and the Pearl River, which had been accomplished before the beginning of 
1880, the naval-store industry remained almost dormant in the State until it began to receive a 
new start by the opening of the New Orleans and Northeastern Railroad. The production of the 
distilleries along this road can be said to average about 15,000 casks of spirits of turpentine and 
75,000 barrels of rosin annually since 1890, which are mostly disposed of in the New Orleans 
market. 

Eastern Louisiana.—Forests of Longleaf Pine cover the upper part of eastern Louisiana to the 
extent of about 3,880 square miles. Their western limit might be said to follow the Amite River, 
but can not be clearly defined, since these forests toward the west pass gradually into the mixed 
growth of Shortleaf Pine, oaks, and hickories on the uplands which border the bottom lands of 
the Mississippi River. Slightly undulating flat woods cover fully one-fifth of the area, and, with 
a somewhat loamy, porous soil, support a better timber growth than is generally found in the flat 
pine barrens of the plain. Owing to their proximity to the coast, these forests have been exten- 
sively invaded. The pine hills embrace about 1,619,200 acres. Their forests have remained almost 
intact, their resources having been drawn upon only along the Illinois Central Railroad line and 
the tributaries of the Pearl River. 
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In 1890 seven sawmills were reported, with a daily capacity, in the aggregate, of about 120,000 
feet, board measure. It can safely be assumed that their annual output would not exceed 15,000,000 
feet, board measure. The products of these mills find their market chiefly at New Orleans. In 
former years a considerable quantity of naval stores was produced in St. Tammany Parish, while 
at present only a few turpentine orchards are worked in the upper districts. 


THE REGION OF LONGLEAF PINE WEST OF THI MISSISSIPPI. 


The importance of the pine forests in the western Gulf region can not be overestimated, 
considering the development of the immense timberless area beyond their western limit. The 
rapidly increasing population of the Western plains depends chietly upon them for the supply of 
the material needed to build up the homes of civilization. 

The forests of the Longleaf Pine west of the Mississippi River, as in regions so far considered, 
are geographically limited to the sands and gravels of the latest Tertiary formation. They 
make their first appearance in Louisiana above the great alluvial plain in the uplands bordering 
the valley of the Ouachita and follow its course for 50 miles, then extend west, skirting Lake 
Catahoula and the alluvial lands of the Red River. These pine forests to the north of this river 
cover an area estimated at 1,625,000 acres, extending northward for a distance averaging 55 
miles. Toward their northern limit the forests pass gradually into a mixed growth of deciduous 
trees and Shortleaf Pine. In the center of this region the pine ridges alternate with tracts of 
White Oak and Hickory. Tending toward the Red River, the pure forest of Longleaf Pine which 
covers the undulating uplands is unbroken and has up to the present been but slightly invaded 
by the ax. On the low hills of this northern division of the pine belt of northwestern Louisiana 
the forests are somewhat open, and are composed of trees of the first order as regards their 
dimensions, the well-drained, warm, and deep soil of sandy loam being highly favorable to their 
development. This fact is clearly shown in the following statement of the ages and dimensions of 
six trees felled for test logs: 

Measurements of six trees. 


Diameter 


| x i _ Total 
: Rings on _ Diameter Mean Length of rpaer 
Number of tree. = 5 rye below : can height of 
stump. |breast Wa) ee diameter. timber. ne 
= = aloes = 
Inches. Inches. Inches. Feet. Feet. 
270 82 22 26 48 123 | 
158 27 20 22 50 127 | 
155 22 18 19 50 122 
| 170 20 15 16 40 117 
165 17 13 i4 35 118 
112 LG | remem ain aenne| ove near 40 97 
171 22 | 17.6 19 44 Mj 


Upon 1 acre of the same plat, with the timber standing rather above the average, 38 trees 
were found. Of these there were 14 of 24 inches diameter at breast high, estimated length of 
timber, 45 feet; 6 of 19 inches diameter at breast high, estimated length of timber, 40 feet; 9 of 
17 inches diameter at breast high, estimated length of timber, 55 feet; 9 of 13 inches diameter at 
breast high, estimated length of timber, 50 feet. 

In the opinion of experts, the average yield of 1 acre of these pine lands at a fair estimate is 
not less than 6,000 feet, board measure. 

According to the statements of Mr. Sues, at Levins Station, 56,000,000 feet, board measure, 
were shipped, in 1892, from the mills of this section. 

South of the Red River bottom the forests of Longleaf Pine continue unbroken to the Sabine 
River and south to the treeless savannas of the coast in Caleasieu Parish, their eastern boundary 
parallel with the eastern boundary of that parish. Roughly estimated, these forests cover an 
area of about 2,668,000 acres. From the marshy lowlands of the coast to the upper tributaries 
of the Caleasieu River, up to Hickory and Beckwith creeks, the country is poorly drained, almost 
perfectly level, with a highly retentive and somewhat impervious clay subsoil. In consequence, 
these pine flats are, for the greater part of the year, more or less covered with water. These 
low, wet pine forests were stripped some years ago of all their merchantable timber, and only a 
comparatively small number of trees of less than 12 inches in diameter were left standing, On 
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these abandoned timber lands a young pine is rarely seen, the seeds shed in the fall being apt 
to rot in the water-soaked soil, or, if they happen to germinate, the seedlings are drowned during 
the winter rains. On the lands rising gently above the flat woods, with the ridges still low and 
wide and often more or less imperfectly drained, Longleaf Pine is found of an exceedingly fine 
growth. The trees in the dense forest ave tall and slender, and their timber is equaled only by 
the timber of the same class growing in the valley of the Neches River, in Texas. 

The following measurements of five trees felled for test logs in the forests in the upper part 
of Caleasieu Parish, between Hickory and Beckwith creeks, will serve as a fair representation of 
the timber growth on these low, broad ridges: 


Measurements of five trees. 


4 : Diameter | Total 
. Rings on | Diameter | Mean Length of R 
Number of tree. 5 a below | a: 2 . - height of 
stump, breasthigh.)  orown. diameter. timber. Pry 
}= = | 
| 
Inches. Inches. | Inches. | Feet. Feet. 
196 | 28 23 | 24 | 50 119 
195 23 16 | 19 50 | 127 
190 21 14 17 40 117 
180 19 15 17 40 102 | 
167 16 13 | 14 37 127 
185 21 | 16 | 18 45 118 


Upon 1 aere, selected on the back of a low swell which might be said to represent the average 
of the timber standing, 44 trees in all were counted. Of these, 3 trees measured 25 inches 
diameter at breast high, with a length of clear timber estimated at 50 feet; 6 trees measured 2 
inches diameter at breast high, with a length of clear timber estimated at 50 feet; 19 trees 
measured 18 inches diameter at breast high, with a length of clear timber estimated at 40 feet; 
14 trees measured 14 inches diameter at breast high, with a length of clear timber estimated at 
36 feet, corresponding in the aggregate to somewhat over 15,000 feet, board measure. 

On another acre considered first class, rather level land, the soil fresh to wet throughout the 
year, 72 trees were counted. Of this number, 14 were found 27 inches diameter at breast- high, 
with an estimated length of timber of 50 feet; 5 were found 24 inches diameter at breast high, with 
an estimated length of timber of 50 feet; 15 were found 25 inches diameter at breast high, with an 
estimated length of timber of 50 feet; 8 were found 21 inches diameter at breast high, with 
an estimated length of timber of 40 feet; 10 were found 20 inches diameter at breast high, with an 
estimated length of timber of 40 feet; 11 were found 18 inches diameter at breast high, with 
an estimated length of timber of 40 feet; 11 were found 15 inches diameter at breast high, with an 
estimated length of timber of 36 feet. 

According to these figures the timber standing on this acre would amount to not less than 
35,000 feet, board measure. 

The chief site of the lumber industry of western Louisiana is at Lake Charles. According 
to the information furnished by Mr. George Lock, of Lockport, La., the annual output of the 
sawmills in the vicinity of Lake Charles for the years 1892 and 1893 averaged about 154,000,000 
feet, board measure, all shipped West and Northwest. It can be assumed that over one-half of 
the lumber sawn at Orange, in Texas, is cut on the eastern banks of the Sabine River, which 
amount has to be credited to the cut of Louisiana. 


Summary of the production of Longleaf Pine lumber in the State of Louisiana in 1892. 


Feet, B. M. 
Parishes east of the Mississippi, about... .----.-----------+------+----+-+70rt roe 25, 000, 000 
Parishes north of the Red River. .-.-.--.-------------- +----+ -----+ +720 --2stt ttre 56, 000, 000 
To the Sabine River, sawn at Lake Charles ..---- -------- --------------+++++55++>>- 154, 000, 000 
Sawn at Orange, Tex., estimated .....-..----------- --------22 -+2- 02 ert er rent 40, 000, 000 
Total cut in Louisiana -.....--.------------- ---- e222 222 ene cee er reer 275, 000, 000 


Texas.—The forests of Longleaf Pine extend from the Sabine west to the Trinity River and 
from the grassy savannas of the coast region north to the center of Sabine, San Augustine, and 
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Angelina counties, and include an area of about 2,890,000 acres. In amount and quality of the 
timber these forests are unsurpassed and are only equaled by the forest of the adjoining region 
in Louisiana. Toward their southern borders the country, like the pine flats of southwestern 
Louisiana, is perfectly level and poorly drained, with the soil water-soaked for a greater part of 
the year. These flats have been almost completely stripped of their merchantable timber. North 
of Nona the surface rises gradually above the water level in broad, low swells, and, being underlaid 
by strata of stiff loams, is more or less deficient in drainage. The intervening wide flats are 
frequently covered with a dense growth of large shrubs and small-sized trees, consisting of 
various species of hawthorn (Crataegus crus-galli, OC. viridis, C. mollis, O. berberidifolia), the 
Deciduous Holly (Ilex decidua), Dahoon Holly (Ilex caroliniana), Privet (Adelia acuminata), plane 
trees, and magnolias. These impenetrable thickets are common, and often cover many square 
miles, like the so-called Big Thicket in the lower part of Hardin County, said to be from 10 to 15 
miles wide, either way. The growth of Longleaf Pine which covers the gentle, wide swells, is 
dense, of fine proportions, and of remarkably rapid development. The average age of five trees 
felled northwest of Nona, 15 to 25 inches in diameter, is but little over one hundred and fifty 
years, as the following measurements show: 


Measurements of five trees. 


: 7 . Total 
7 ae 2 Rings on | Diameter Mean Length of Fe . 
Number of tree. stump. breasthigh.| diameter. timber. Beet of 
Inches. Inches. Feet. Feet. 
26 20 40 110 
22 19 50 101 
18 16 50 113 
21 18 45 110 
15 12 40 107 
20 17 45 104 


In this region, owing to the direct communication of several railroad lines with the great 
centers of trade in the North and with the treeless plains of the far West, the manufacture of 
lumber has made a wonderful progress during the past twelve years. In 1880 the cut of Longleaf 
Pine in this State has been estimated at 66,450,000 feet. From information received from parties 
engaged in the lumber business, the cut during the year 1892 can safely be estimated at 440,000,000 
feet. The centers of lumber production are Orange aud Beaumont, but a great amount is cut at 
the mills along the several lines of railway passing through this region. 


Output of Longleaf Pine lumber in Texas during the year 1892. 
Feet, B. M. 


Orange (inclusive of 40,000,000 of feet derived from Calcasieu)-.--...----.-----.---- 45, 000, 000 
Beaumont 520252 actos wots e boc ckrenme Sere Sulstonns b wehi ec. stare sec, sw ola eran sa aioe einer erete ee 75, 000, 000 
Sabine Valley, Texas and Northern Railroad...........-..-..---..---.------+---.-- 157, 000, 000 
Missouri, Kansas and Texas Railroad): << 22. ooo cae cece cece eee eee eee ee eree ee 143, 000, 000 
Houston, Kansas and Texas Railroad oc.) ooo sce ccecce ch vnc cceves voewes elernswesede 20, 000, 000 

MD OVAL Se tow ce eiacis nn cece arise ona Ceara s eo mala see selec enon ee me oes one ee es ame TOUR, 


lor the renewal of the forests of Longleaf Pine in this region there is as little hope under their 
present management as in the adjoining region in Louisiana. In this cold, wet soil the seeds find 
but a poor chance for germination, and the surviving plantlets soon succumb to the same cause. 
In the pine flats seedlings are rarely observed among the tall broom sedge grasses (Andropogon) 
which, under the influence of light and a damp soil, thrive luxuriantly in the flat woods denuded 
of their timber growth, imparting to them the aspect of waving meadows or savannas. 


PRODUCTS. 
VALUE AND USES OF THE WOOD. 


The wood of the Longleaf Pine is hardly surpassed by any of our timber trees of economic 
importance, and is practically unsurpassed by any member of its own order in the qualities which 
are required for purposes of construction, thus taking the first place among its congeners. 
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The timber from the damp flat woods of the coastal plain east of the Mississippi River, with 
a soil of almost pure, fine, closely compacted sand, is of slow growth and generally of the finest 
grain, often exhibiting in the sapwood that irregularity known as ‘curly pine.” In the perpetually 
damp to wet soil of the pine flats in southwestern Louisiana and in Texas, with a deep retentive 
subsoil richer in nutritive elements, causing «a better and quicker development of the tree, the 
wood is of a more open grain. Owing to the excellent qualities of the wood of Longleaf Pine, its 
use in the various mechanical arts and industries is as extensive as it is manifold. Its greatest 
value rests in its adaptability for heavy constructions—in naval architecture, for masts and spars; 
in civil engineering, for the building of bridges, viaducts, trestlework, and for supports in the 
construction of buildings. Large quantities of long and heavy sticks of square timber sawn or 
hewn fur such purposes are shipped to the British ports and to the dockyards of the European 
continent, with a constantly increasing demand. 

In the building of railroad ears, where great strength and elasticity is needed, the timber 
of Longleaf Pine is preferred to any other. For this purpose sticks from 36 to 42 feet, 10 by 12 
inches, are required, free from blemish. 

Enormous quantities of the younger timber of this tree are cut every year to serve for cross- 
ties, used by the railroads not only in the pine regions, but in other parts of the country. The 
demand for these ties forms a constant and increasing draft upon the forest. The ties delivered 
are, on the average, 84 feet long, 9 inches wide, and 7 inches thick, and must be all heartwood and 
free from blemish. The trees selected for this purpose are from 15 to 16 inches in diameter, and 
preferably only the butt cuts are accepted. On an average 10 cross-ties are cut from 1 acre, each 
tie representing a log which would make at least 75 superficial feet of Inmber. Since such a tie, 
ready for the roadbed, contains not more than 50 feet, board measure, it will be readily seen what 
an enormous waste results from this practice. . 

On the damp, sandy tracts of the lower South, such ties will last five or six years, and 3,000 
ties are needed for 1 mile of road. Hence, for the construction of the 3,240 miles of railroad 
traversing the forest of Longleaf Pine east of the Mississippi River, nearly 10,000,000 ties have 
been required, which being renewed every six years involves an annual cut of 116,000,000 feet, 
board measure, to which must be added the amount exported to other regions. 

In the Southern States, the West Indies, many places on the coast of Mexico, and Central and 
South America the lumber of the Longleaf Pine forms the chief, if not the only, material in the 
construction of houses. For similar purposes considerable quantities are of late years shipped to 
Northern markets, East and West, replacing in many cases, at least in parts of the buildings, the 
lumber of the White Pine, on account of its increasing scarcity. The fine-grained and “curly” 
varieties of Longleaf Pine lumber, by their beauty and the high polish of which they are susceptible, 
begin, of late years, to take a place among the higher-priced kinds of wood for ornamental inside 
work. 

; The importance and value of Longleaf Pine lumber as a material for constructions can not be 
better evidenced than by the fact that little less than 1,500,000,000 feet, board measure, or about 
one-third of all the lumber manufactured in the South, is being exported from Southern ports annu- 
ally to domestic and foreign ports, besides furnishing almost the only material used at home in the 
construction of dwellings and all kinds of buildings. It also supplies material for furniture, as 
well as fuel, both in the form of firewood and charcoal, and its exploitation affords the means of 
subsistence to thousands. 

Lightwood.—Whenever the sapwood of the tree is laid bare copious exudation of resin takes 
place and the surrounding wood becomes charged with it. Thus the wood of the trunks of the 
trees tapped for the extraction of their resin soon becomes charged with this along the searified 
surface, and, as with the evaporation of water from the dead wood, the resinification proceeds and 
the wood increases in weight and durability. In low, damp places particularly this process takes 
place more extensively. This resin-charged wood is termed lightwood. The lightwood timber, con- 
sidered very durable when exposed to alternating conditions of moisture and dryness, is much 
preferred for posts, ete. Being highly inflammable, it serves for torches and kindling, and hence 
its name. Of late years a profitable industry has been started to utilize the resinous stumps of 
abandoned orchards as kindling material by cutting the same close to the ground and then, yeneer 
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fashion, into long, narrow strips three-fourths of an inch thick, which are subsequently steamed 
and rolled in small bundles to make a convenient package for shipment. The knots, limbs, roots— 
particularly “fat,” i. e., highly charged with resin—are used in the making of tar. 

Charcoal burning.—W here a market is found the trees left standing, after the removal of the 
larger timber fit for sawlogs, are burned for charcoal. This industry is carried on to a greater or 
less extent in the mineral regions to supply the blast furnaces operated for the manufacture of 
charcoal iron. Large areas of the forests of the Longleaf, covering the hills in north Alabama, 
lave been entirely denuded of their tree covering to meet the demands for such purpose. 

Fuel value.—The air-dry wood of the Longleaf Pine is much esteemed for fuel; containing but 
asmall percentage of ash—not over 0.25 per ceut—with a small amount of water, and adense and 
close fiber, as indicated by its high specific gravity, its fuel value is necessarily high. Being also 
easily inflammable, it is preferred where quick and intense heat is required, as, for instance, in 
bakeries, brick kilns, potteries, etc., and in the raising of steam for stationary engines on steam- 
boats and railroad locomotives throughout the pine region, where mineral coal can not be cheaply 
obtained. 

RESINOUS PRODUCTS OF THE LONGLEAF PINE. 

It can safely be asserted that among the trees of the same order there is found no other 
equally rich in resin. The manufacture of naval stores from the resin of the Longleaf Pine forms 
one of the most widely developed industries in the pine forests of the coast pine belt of the South- 
ern States, and is svarcely less important than the manufacture of its lumber, <A full account 
of these industries will be found in the accompanying appendix. Concerning the manufacture of 
tar, pitch, tar oils, and other products of destructive distillation of the wood and of rosin oil, see 
the Report of the Chief of Forestry, 1892, page 356, etc. 


PRODUCTS OBTAINED FROM THE LEAVES OF LONGLEAF PINE. 


The green leaves of the tree furnish by distillation an essential oil of balsamic odor closely 
resembling spirits of turpentine. The so-called pine wool is made from their cellular tissue, being 
treated with a strong alkaline solution at boiling heat, the remaining fiber being cleaned and 
carded. This pine wool is used in upholstery, and is said to be of value as an antiseptic dressing 
for wounds. Of late years it is manufactured into various kinds of textile fabrics. One fabrie 
is a carpet which resembles cocoa matting somewhat, but is closely woven and is naturally of a 
rich-brown color and very durable. This industry, only recently established, has already met 
such success that the manufacturers have added twenty nine looms to their work. 


NOMENCLATURE AND CLASSIFICATION, 


This tree was first described by Miller in the year 1768 under the name of Pinus palustris. 
The younger Michaux substituted for it the more appropriate one of Pinus australis, under which 
name it was described by succeeding writers and generally known to botanists of recent date. 
To satisfy the law of priority, the name given by Michaux his recently been dropped and the old 
one reinstated, in the Catalogue of North American Forest Trees,'! published in the ninth volume 
of the census reports of 1880. (See vernacular nomenclature in introduction.) 


BOTANICAL DESCRIPTION AND MORPHOLOGY. 


Leaves three, in a long light-colored sheath; commonly from 9 to 13 (sometimes 14 to 15) inches long; of a bright 
green color and closely set in brush-like clusters at the ends of the stout branches. Cones large, dark tan colored, 6 to 
sometimes 8 inches long and 2 to 24 inches in diameter when closed, 5 to 6 inches when open; scales about 2 inches 
long and one-half to 1 inch wide—rather uniform in width—somewhat thickened at the ends, and bearing a rather 
delicate incurved prickle; seed large, slightly triangular, three-eighths to seven sixteenths of un inch long and one- 
fourth of an inch wide; often with two or three longitudinal ridges on one face; whitish, with few or abundant 
brown specks; wing 14 to 2 inches long and of a glossy brownish to deep purple-brown color. 


The most conspicuous and distinguishing feature of this species is the silvery thick terminal 
bud, or rather the bud-like clusters of the young leaves inclosed in their finely fringed subtending 
scales. Its branches are rough, covered with the bases of the imbricated leaf scales, the elongated 
silvery fringes having fallen off. 


‘A catalogue of North American Forest Trees, exclusive of Mexico, by C. S. Sargent. 
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ROOT, STEM, AND BRANCH SYSTEM. 


The Longleaf Pine attains a height averaging 100 feet, rarely exceeding 110 feet, with a 
diameter breast high, when fully grown, varying between 20 and 36 inches, rarely more. The 
tall, straight, very gradually tapering trunk arises from a massive taproot which, in favorable 
situations, penetrates the soil to a depth of from 12 to 15 feet, and sometimes much more. It 
has several stout, comparatively short lateral roots, which assist the tree in its hold by slant- 
ing deeply into the ground, and some of greater length are placed more or less near the surface. 
Its crown is open and elongated, of irregular shape, about one half to one-third of its height. 
The stout limbs are rarely over 20 feet in length, twisted and gnarled and sparingly branched. 
The trunk is covered with a reddish-brown bark, one-fourth to three-fourths of an inch thick, 
furrowed throughout its full length, crossed horizontally by deep fissures, and scaling off in thin, 
bluish, almost transparent rhombic flakes. 


LEAVES AND THEIR MODIFICATIONS, 


Like all the pines, this species produces during various stages of its growth seven different 
modifications of leaves as recognized by botanists, all more or less specific in character: 

(1) Cotyledonary, or seed leaves (first leaves of the embryo), which soon wither and disappear 
(Pl. VII, a,b). (2) Primary leaves succeeding the former immediately on the main axis (PI. VII, ¢), 
which either wither or later on are transformed into, or succeeded by, more or less permanent 
bracts or scales covering the branches (Pl. V, a). (3) The secondary or foliage leaves rising from 
the buds produced in the axils of the primary leaves or of the bud scales by which they are repre- 
sented (PJ. VII, d), permanent foliage of the tree, with three leaves in one sheath. (4) The bud 
scales forming the sheaths of the foliage leaves (PI. LV, b, ¢, d) at base. (5) Involucral bracts of 
the male flower (Pl. V,/). (6) Involucral seales of the female inflorescence (ament) (PI. V, ¢). 
(7) The bracts which support the carpellary scale bearing the seed (Pl. V, h).’ 

The primary leaves, which succeed the cotyledons on the primary axis, are in form and structure 
true leaves. They are softer than the final foliage leaves, have a broad base, are rounded on the 
dorsal side and not channeled, the whitish transparent margins being finely but distinctly den- 
ticulate. It is rare that secondary leaves proceed from the axils of these chlorophyll-bearing 
primary leaves. With the more frequent appearance of the ordinary leaves, these primary leaves 
wither and henceforth appear as triangular scale-like coriaceous persistent bracts, with broad, 
hyaline, long-fringed edges, in the axils of which the undeveloped branchlets are produced bearing 
the secondary or foliage leaves. 

The chlorophyll-bearing primary leaves exhibit a simple structure. The fibro-vascular bundle 
is single, embedded in a wider ring of large cells free from chlorophyll, and the resinous ducts fewer 
in number, one, or rarely more than two, being irregularly situated in the chlorophyll-bearing 
parenchymatous tissues, and mostly external, i.e., close to the thick epidermis. But few of these 
leaves are formed after the appearance of the foliage leaves, and a few of them persist throughout 
the first season.2. The cataphyllary leaves forming the sheath of the foliage leaves are in this 
species composed of eight successive pairs of bud scales; those of the first pair are blunt, flat, 
deeply concave and coriaceous, with sharp edges; the others are more membranaceous and with 
fringed edges, the closely interwoven edges entwining the base of the fascicle. In the secondary 
leaves the very numerous stomata form, on both sides, regular longitudinal rows. Parallel with 
these, at regular distances between them and embedded in the parenchymatous tissue, are found 
bundles of numerous, elongated, thick-walled cells, the so-called hypodermal or strengthening cells. 
The resin duets, not over five in number, described by Engelmann as internal, have been found in 
the specimen examined rather parenchymatous, invariably so on the dorsal side. 

Three of the secondary or true foliage leaves are united into one bundle, inclosed at the base 
by a persistent sheath from one-half inch to an inch in length, formed by the bud scales or 
cataphyllary leaves. On the older trees the leaves are rarely over 5 inches in length, but during 
the periods of most active growth they are found 12 to 18 inches long. They are finely serrulate, 
rounded on the back, channeled, and obtusely triangular in cross section. 


1George Engelmann: Revision of the Genus Pinus. Transactions of the St. Louis Academy of Science, 1882. 


2Engelmann: Revision of Genus Pinus, Trans. St. Louis Academy of Science, 1882, p. 5. 
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EXPLANATION OF PLATE IV. 


Fig. a, branch showing the termina! spring shoot of the season with characteristic, large silvery white winter 
bud; the bundles of leaves arise from the axils of the leaf-bracts of the last two seasons, tle first leaves of the second 
year already shed; }, detached bundle of mature leaves with sheath; c,d, scales of the sheath, magnified three and 
nine times; e, transverse section through base of leaf bundle showing imbrication of sheath scales, magnified 30 
diameters; /, transverse section of an immature leaf, magnified 30 diameters; g, transverse section of a mature leaf, 
magnified 45 diameters, showing the microscopic structure (as pointed out for P. echinata, f, f); h, longitudinal sec- 
tion of the dorsal side of a mature leaf showing two rows of stomata and the serrated edge, magnified 45 diameters. 
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BOTANICAL DESCRIPTION. 51 


Owing to the shedding of the older leaves at the end of the second year and to the short 
annual growth of the axis, the leaves on the older trees are conspicuously crowded into dense 
tufts or tassels on the tips of the branchlets. 

The high development of the organs of transpiration, as shown by the immense number of 
breathing cells, clearly indicates that forests of the Longleat Pine, and in fact of most evergreens, 
are not less important than forests of deciduous trees in influencing atmospheric conditions, 
particularly when ic is considered that in the former, clothed with perpetual foliage, this function 
suffers but little interruption of its activity. 


FLORAL ORGANS. 


The male and female flowers are sometimes found on the same brauch; they are, however, 
more frequently situated on different branches, the male flowers mostly on the lower (PI. V, }). 
The male flowers consist of a slender axis, the staminodial column, around which the numerous 
naked anthers are densely crowded, forming a cylindrical catkin-like flower from 2 to 24 inches 
and over in length, surrounded at the base by a calyx-like involucre consisting of twelve ovate 
somewhat leathery bracts, of which the lowest pair or exterior ones are laterally compressed, 
strongly keeled, and much sinaller. The connective of the dark-rose purple anthers spreads out 
in a semiorbicular denticulate crest; a number of these male flowers are crowded around the 
base of this year’s shoot, forming a dense whorl. After the discharge of the pollen the withered 
flowers remain for several months on the tree. The pollen remaining for a long time suspended 
in the air is often wafted to widely distant localities. In the latitude of Mobile its discharge 
takes place during or shortly after the second week of March. 

The female flowers (see Pl. V, a) are united in a subterminal oval, erect, short-stalked catkin, 
which is also surrounded by an involucre, the bracts being more numerous, longer, more acuminate, 
and membranaceous than those of the male flower. 

The carpellary scales bearing ovules are oblong oval, tipped with a strong reflexed point, and 
are almost hidden by the thin flat scales by which they are subtended, which, however, they soon 
surpass in size. During the first year the young cones make but slow progress in their growth. 
On the opening of the second season they are scarcely over an inch long; during the summer they 
increase rapidly and reach their full size during the latter part of the fall. The cones are placed 
horizontally on the branches below the terminal bud (subterminal), sessile, slender, conical with a 
slight curve and from 6 to 8 inches long; of a dull tan color; the thick scales are light to dark 
chestnut brown on the inside, 2 inches or slightly over in length, and bear on their exposed end, 
or apophysis, a small but prominent tubercle armed with a short recurved prickle (see Pl. V1). 
Plate VI exhibits truly and fully the open cone and especially the fine markings on the apophysis 
of the scale. The cones are shed in the latter part of the winter of the second year, rarely 
remaining to the following spring. On breaking from the branches they leave the lowest rows of 


the seales behind. 
SEEDS, 


The seeds are strongly convex, oblong, oval, less than a half inch long, and surrounded by the 
long oblique wing (see Pl. VI). The shell is whitish, at the front face marked by three promi- 
nent ridges, flat, smooth, and darkly spotted on the posterior side. It incloses an oily kernel, 
covered by a white seed coat; rich in nutritious matter and palatable, the seeds furnish in fruitful 
years an abundance of mast. They are shed before the fall of the cone during the dry weather, 
most abundantly during the iatter part of the fall (end of October or November the best time for 
their collection) and in a lesser degree during the winter. They germinate easily after reaching 
maturity, and it often happens, in wet, sultry weather, that they begin to sprout before leaving the 
cone, in which event the whole crop is destroyed. This, together with the killing of the flowers 
by late frosts, seems to be one of the main causes of failure of the seed crop so frequently observed. 
From the behavior of the seed just mentioned and from its oleaginous character it is to be inferred 
that the period of time during which the seeds retain the power of germination under ordinary 
circumstances is but a short one, but as a matter of fact seeds a little over a year old have been 
known to germinate. 


EXPLANATION OF PLATES V AND VI. 


Prate V. Fig. a, branch with two female aments (second week of March), at the end of terminal young shoot 
of the season densely covered with fimbriate silvery bract subtending the leaf buds which are still hidden in their 
axils; below are two immature cones of one season's growth and mature closed cone of two seasons’ growth (October) ; 
b, branch with the male inflorescence, the leaves cut away to show the dense cluster of maie flowers which closely 
surround the apex of the young shoot; c, female ament with basal scales forming the calyx-like involucre; d, d, d, 
earpellary or seed-bearing scales of female flowers more advanced, lateral, ventral, and dorsal views—magnified 5 
diameters; e, detached male flower with basal involucral scales, before opening (dehiscence); f, male flower, after 
discharge of the pollen; g, three detached anthers, lower sides showing longitudinal slits of the pollen sacs just 
opening; lateral view of an effete anther; another seen from upper side showing the transverse semilunar crest— 
all magnified 5 diameters; h, detached female flower seen from above; the cuspidate carpellary, or seed scale, bears 
two strongly bifid naked ovules at its base; i, female flower viewed from below, dorsal side; the bract almost covers 
the carpellary scale, leaving only the tip of the latter and the cusps of the ovules visible; magnified 5 diameters. 

Piate VI. Fig. a, mature open cone, after shedding seed; b, cone scale seen from lower or dorsal side showing 
the apophysis with low umbo and small, weak prickle; ce, cone scale seen from upper or ventral side with seed in 
place; d, seed, upper side; e, seed detached from c, lower side; /, seed detached from wing, upper side, and g the 
same seen from lower side. 
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THE Woop, ! 


The wood of the Longleaf Pine is heavier and stronger than that of any other pine offered in 
the market. Theaverage weight of the kiln-dry wood is about 38 pounds, that of the lumber where 
the outer lighter portion of the log is largely eut away about 40 pounds, per cubic foot. The 
kiln-dry wood of the butt weighs about 45 pounds per cubic foot; that of a log 50 to 60 feet from 
the ground only about, 33 pounds, a decrease of weight (and with it of strength) of about 25 per 
cent. Similarly the wood of inner portions of a log are 15 to 20 per cent heavier than those of the 
outer portions; or, in other words, the wood laid on when the tree is young is heavier than that 
laid on when it is old, quite contrary to the common belief which seems to associate the light 
sapwood color of the young sapling with inferior material. The wood shrinks about 10 per cent of 
its volume in drying, about 6 to 7 per cent along the rings (tangentially) and 3 to 4 per cent along 
the radius; seasons easily and without great injury. As in other pines, the greatest amount of 
water is contained in the sapwood, varying from 30 to 50 per cent of the weight of the fresh wood, 
while the heartwood contains but about 20 per cent. 

In its stiffness and strength the wood is remarkable. The average of a great number of tests 
indicates for the dry wood of Longleaf Pine an elasticity of 1,540,000 pounds per square inch; 
strength in cross breaking, 10,900 pounds per square inch; strength in compression, 6,850 pounds 
per square inch; strength in tension, 15,200 pounds per square inch; strength in shearing, 706 
pounds per square inch. 

In its structure the wood of the Longleaf Pine resembles that of the other Southern pines. 
Sapwood and heartwood are well defined; on the fresh cross section the former is light yellowish 
white, the latter a yellowish brown; drops of limpid resin ooze from every resin duet in the sap- 
wood, the surface of the heartwood remains dry (exceptions only in “lightwood”). The sapwood 
contains much more water, but is far less resinous than the heartwood. This latter contains 5 to 
10 per cent of resin (1 part turpeutine to 15 to 20 parts resin), while in the former the resin 
rarely exceeds 2 per cent. If not kilu-dried, fresh sapwood rapidly “blues” on exposure; heart- 
wood does not, and in general excels the sapwood in durability. On drying, the sapwood shrinks 
more than the heartwood of the same weight. Contrary to common belief, the wood substance, or 
cell wall, is not increased in the change from sapwood to heartwood, the walls do not grow thicker, 
the cavities of the cells do not fill up with foreign matter, nor does the strength of the wood seem 
to be increased by the change. In general the width of the sapwood is greatest in young and 
thrifty trees, grows smaller in old and stunted trees, is greatest in the lower parts of the stem and 
smaller in the top and branches. In old logs the sapwood is made up of from 70 to 100 rings, 
showing that the wood of any one ring remains in older trees seventy to one hundred years in the 
sapwood condition before it changes to heartwood. In young trees this period is much shorter, 
twenty-five to forty years commonly sufficing for thrifty trees at the age of sixty to seventy years, 
but in stunted individuals it is materially prolonged. The share of the sapwood in the total volume 
of the stem is always considerable; even in typical old trees of this species it forms 40 per cent 
and more, while thrifty stems under one hundred years are practically all sapwood. 

The annual, or yearly, rings are clearly defined; they are widest near the pith and grow rather 
uniformly narrower toward the bark. In the inner part a width of one-twelfth of an inch is quite 
common; the rings near the bark of old logs usually measure less than one twenty-fifth of an inch, 
often scarcely one fiftieth of an inch. For old trees the average width for the entire stem may be 
set at about one-twentieth to one-twenty fifth of an inch. Each ring consists of two well-marked 
parts, an inner, softer, whiter part, the springwood, and an outer, harder, and darker portion, the 
summerwood, so called because formed during the latter part of the growing Season. 

The amount of the sammerwood in each ring differs in different parts of the tree. It forms 
about 45 per cent of the volume of all the wood of the stump, and only about 24 per cent of the 
wood 60 feet from the butt. It is greater in the heavy inner part of an old log than in the lighter 
outer portions, and being of a darker color furnishes a convenient means of distinguishing heavy 
wood. In its finer anatomy (histology) the wood resembles that of the other pines of the taeda 
group. (For the details of structure see the comparative study by Mr. Roth appended to these 
monographs.) 


s furnished by Mr. Filibert Roth, in charge of timber investigations in the Division of Forestry. 
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EXPLANATION OF PLATE VII. 
{Figures natural size, except where otherwise noted.) 

Fig. a, germinating seed; b, young seedling (early spring) with the 8 cotyledons just unfolded; c, seedling a 
few weeks older, showing central cluster of primary leaves just unfolding; d, seedling at the end of the first or 
beginning of the second season, showing bundles of true foliage (secondary) leaves succeeding the primary leaves 
which have disappeared; ¢, young tree, 3 to 4 years old, with characteristic large root system; one-third natural size. 
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PERIOD OF EARLY GROWTH. 5D 


GROWTH AND DEVELOPMENT. 


In a fruitful year, before the close of the season, with the advent of spring, a dry and sunny 
state of the atmosphere favoring the fall of the seed, the seedlings are found to come up abun- 
dantly in every opening of the forest where the rays of the sun strike the dry ground. The lower 
(hypocotyledonary) part of the axis of the plantlet is close to the ground, with eight to ten erect 
colyledons from 1 to 14 inches in length, their tips inclosed in the shell of the seed, with the long 
wing persistent aud borne banner-like at the top of the plantlet (Pl. VII, a). The elongation 
of the ascending axis proceeds slowly, growth in length being retarded until a certain thickness 
has been attained, resembling in this respect the growth of the stem of endogenous trees. 

Upon examination of a seedling in the latter part of April the cotyledous had disappeared 
and the caulicle was found -to be from one-eighth to one-fourth of an inch long, its length not 
exceeding its diameter, hidden by a dense tuft of the needle-shaped primary leaves, which closely 
invest the terminal bud. At this stage a few fascicles of secondary leaves are already showing 
themselves, still inclosed in their sheaths. 

During the first three or four years its energy of growth is mainly expended upon the 
development of its powerful root system (see Pl. VII, e). Before the first spring season has 
passed, the stout spindle-shaped taproot of the seedling is found to be over 3 inches in length aud 
provided with several fine lateral rootlets, sometimes nearly as long as the main root. 

With the opening of June the primary leaves covering the axis are nearly all withered, only 
a few remaining to the end of the season. With the development of the suppressed secondary 
axes from which the foliage leaves proceed, the primary leaves are reduced to chafty fimbriate 
bracts. Only few of these primary leaves retain the needle shaped form and green color, namely, 
those from which no leaf-bearing branchlets were developed. During the first season many of the 
fascicles of the foliage leaves contain only two leaves, and sheaths inclosing only one leaf are 
frequently observed. 

By the end of the first year the stem of the plantlet is rarely over three-fourths of an inch in 
length, the main root having attained a length of from 8 to 10 inches. 

Having reached the end of the second year the taproot is found from 2 to 3 feet in length, the stem 
scarcely 14 inches long, with an increase of diameter hardly perceptible. The conical termination 
of the spring shoot is now densely covered with the delicately fringed bracts inclosing the buds of 
the foliage leaves, which impart to it the appearance of a silvery white tuft, by which this species 
is recognized at first sight. 

During the following two years the growth proceeds but slowly, the length by the end of the 
fourth year averaging not more than 5 inches with a thickness of three fourths to seven-eighths 
of aninch. During the same time the taproot is found to gain constantly both in thickness and 
length (see Pl. VII, e). A few single branches now make their appearance on the main axis. 
The increase of growth from one season to another up to the seventh or eighth year is difficult to 
follow, since the difference in the appearance of the spring and summer wood cells in the spongy 
wood of young trees is hardly perceptible, and the rings of annual growth, even as seen in cross 
sections prepared for microscopical examination, are mostly too indistinct to afford a safe criterion 
of their age. As far as could be observed the growth proceeds equally slowly during the fifth and 
sixth years, the plant at the end of that period being from 5 to 7 or 74 inches in length. 

Stage of rapid growth.—With its seventh year the tree may be said to enter on its most 
vigorous growth. Henceforth the stem (primary axis) increases rapidly in length, and the 
development of branches (lateral axes) proceeds at an equal rate in regular whorls, to which the 
symmetry of the tree in that stage of its development is due. During the seventh year, generally, 
the tree doubles its length, and during a number of successive years the rate of growth in that 
direction varies between 10 and 20 inches annually, as is clearly shown by the length of the 
internodes separating the whorls. As the branches increase in length they produce, in the same 
order mostly, two opposite secondary branches. With the rapid expansion of the leaf surface, 
the formation of wood keeps pace. The rate of growth in diameter, as well as in height, during 
this period, is of course variable according to differences in the physical condition of the soil 
as well as in the available amount of plant food and moisture it contains, and no less upon 
differences in temperature and of exposure to light and air. These variations are clearly shown 
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in the annexed tables, exhibiting the rate of growth of the tree during its most active stage. 
With the increasing accretion of wood the annual rings become sharply defined, leaving no doubt 
as to the age of the tree. 

To make sure as to the relation between the annual rings and the age of the tree, the age of 
second growth was ascertained by close inquiries directed to settlers who knew the time that had 
elapsed since this second growth made its appearance in the abandoned fields or in the forest. 
In every instance it was found that the number of rings accorded closely with the information 
elicited. 

To ascertain the difference in rate of growth and quality of wood between trees grown upon 
ground once turned by the plow and those sprung up in the original forest on the same soil, 
several trees of nearly the same size were felled in what clearly appeared to be the remnant of 
virgin forest, and in a grove grown up in a field abandoned years ago.’ Jt was made evident 
that trees in the original forest required almost double the length of time to attain the same 
dimension. F 

A field covered with saplings quite uniform in growth and known to have been thrown ont of 
cultivation during the years 1863 and 1864 afforded a good opportunity for these investigations. 
A number of trees, varying in diameter between 105 and 11 inches, and in height between 45 and 
50 feet, showed from 30 to 35 rings of growth. The length of the spring shoots on the main stem 
of these trees was found (June 8) to be from 21 to 24 inches. 

In another fine grove, covering a field which was known to have been cultivated for the last 
time during the years 1835 and 1836, a number of trees were cut down for measurement. The 
number of rings was found not to exceed 48. These trees also showed great uniformity in size, 
measuring near the base 114 to 12 inches in diameter and from 68 to 72 feet in height. The wood 
was sappy throughout and useless, except for fuel and for making charcoal. For this purpose 
the land is rented at $4 to $5 per aere. In this grove, ranking as best pine-woods land, the soil 
of which was nearly level, well drained, and with a light, loamy subsoil, 110 trees of the above 
dimensions were counted on 1 acre. 

Among the trees taken from the forest for determining the difference between forest growth 
and field trees, one measuring 12 inches in diameter and 76 feet in height showed 85 rings of 
annual growth, with 95 inches of heartwood. Two others, 14 and 15 inches in diameter and 70 
and 71 feet high, showed 96 rings each. The shoots of the year (June 8) on the primary and 
lateral axes of these trees were found to be but little over 1 inch in length. 

In a third grove, upon poor, sandy, undulating ground, a number of trees below medium size 
were found cut down to serve for posts and logs. In 25 of these trees the diameter varied between 
7} and 8 inches, with a nearly uniform height of 60 to 62 feet, the first limb being 18 to 20 feet above 
the ground. The number of rings varied between 48 and 50. The forests in the same vicinity were 
stripped of their more valuable timber a number of years before. The largest trees of the original 
forest growth remaining were from 12 to 15 inches in diameter. Several were brought down for 
measurement and found to be 73 feet in height by 14 inches in diameter, with 126 rings and 9 inches 
of heartwood; 73 feet in height by 13 inches in diameter, with 94 rings and 6 inches of heartwood: 
and 89 feet in height by 14 inches in diameter, with 107 rings and 8 inches of heartwood. 

When the tree has reached its second decade it begins to produce flowers and fruit. Having 
during the course of the following ten to fifteen years reached a length of from 40 to 45 feet, with 
the main stem clear of limbs, the growth of branches does not proceed with the same regularity; 
consequently, they are no longer arranged in regular whorls, but appear irregularly, and thus the 
symmetry of the tree is lost. 


' On the rolling pine uplands near Spring Hill, Mobile County. 
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TABLE I.—Measurements of young trees of Longleaf Pine. 


N Diame- Height, 

2 Num- ter $2 

Reales ber of | preast To , Locality. Remarks. 

rings. | high. | erown.| Lotal- 
| 
| 
Tnehes. 

Le eejaeneaeleean es 8 | 13 | Springhill, Ala......| Opening in forest; pasture protected from fire. 

Ane erien aa. «ae 9 UP eeasere|| 9 bE boa GChpeeo oe zai Do. 

Bi enedacecns ese 10 Bie peceee ae | eae eaee= do Old field; last time plowed in 1874. 

Gee ee eames aaa 10 2 do ---- Inthe midst of forest. 

Wels aS 10 2 Levins Station, La.. Opening in forest. 

Desoce cor cabs ll 23 | Springhill, Ala...... Deep forest. 

(HESS Se scone 11 5 )eeeeado. Old field. 

CU i ec ener 11 2 Ridgeland, S.C -..-- Open forest. 

Ui cseoncomcet a 12 PS eee | Paya || eee G OY Se ae oe oe, Pasture in forest; ground never turned. 

1 ee ce eee 12 4 Levins Station, La..| Old clearing; turned ground. 

READS fd ae 13 tlhe Sol Fai apa | Meee eee Do. 

DPA. Se eta ee 12 2 Opening in forest; sandy uplands. 

318. 13 4 2 Do. 

9. 13 23 15 Wood pasture. 

10 13 3h Oh) # [eens Se Old field. 

ARSC e pete ceeee 13 4 | 8 | 20 | Thomasville, Ala...) Opening in forest; hills. 

eee l4 4 | 7 | 24 Ridgeland, $.C -.... | Opening in forest; dry uplands. 

1h Les Rea rees 15 Dhillseaeane 135 Springhill, Ala-.-... Field abandoned in 1872. 

De oom aes 16 2 | 8 16 Thomasville, Ala ...| Inclosed forest; hills; under cover. 

WWM s=-6-eossose 18 2 16 23 ION a ROX: = sapere | Flat, damp; opening in forest; exposure free. 

OB Seema cian 19 | 12 20 Do. 

OS eee ee 20 6 } 18 47 Light swell in open forest; exposure free. 

(Ps seormcinssases 20 TO | eon coeee 49 | Old field; deep soil; abandoned in 1864; from one open grove. 

13.- ee 21 5 Ki ey eens 45 Do. 

1 oe amepocoeee 21 UO) Slip sataees 50 Do. 

| eS acee sereense 25 le eee eg 50 Old field; poor, broken ground. 

NN ee Sana ose 22 2] 11 21 | Virgin forest; under cover. 

DAG eerie ce toa 20 i 14 29 Virgin forest; in opening; free. 

lant 6 10 28 | Ridgeland,S.C ..-.. Open forest; sandy uplands; free. 

25) 7 24 47 Nona, ‘Tey Flat, damp, dense forest in opening; exposure free. 

5 4} 20 44 : Do. 

26 6 | 17 44 Do. 

36 4 | 15 35 Flat, damp; open forest. 

39 45) 17 30 di Do. 

40 | 6 21 5) ee Do. 

40 8 | 17 60 | Ridgeland, S.C -.... Boundary field; open. 

43 6 33 55 Flat, damp; open forest. 

43 6 28 7 .| Dense oak opening; oppressed. 

43 4 34 56 In open forest. 

48 Bh Spade } 60 ..| Old pasture, on poor broken ground. 

52 | ie esses 6Le es GOsseeoe esc 6 trees from grove of old pasture; yield, sticks and posts for fencing 
| and building; averaging 20 feet in length. 

48 11S) Bere Yi | Beaae Li) oe nGeSaaseme Grove with 115 to 120 trees to the acre; on field abandoned in 1835, 

and rented to charcoal burners. 

PPP SS eceseanans 55 E} \sciscoscet Slams | Rees C0lee - setae =e Old pasture. 

TRE eena oe Seen 71 BY eS se | 40 Chunehula, Ala_.--- Old turpentine orchard; bled; exposed for over 20 years, one season 
| after another, to fire. 

Pa Sele een | 78 6 47) ||, 162 Thomasville, Ala.. | Under cover of forest. 

Pe Oo eeeoee, 80 Wi poSteose 52 Chunehula, Ala...-.} Old turpentine orchard; bled and scorched, exhibiting the effeet of 
| bleeding and repeated burning of the woods by their retarded 
| | growth, 

87 He, |isootaces 59 Do. 
95 Tien Smeets ees Do. 
105 tl Raaae sas | 56 Do. 
105 Gf ||bsceesos | 59 Do. 


Stage of slow growth.—Rapid as is the increase in length of the primary axis or trunk, amount- 
ing during the first half century, in the average, to 14 or 15 inches annually, the rate is subse- 
quently greatly diminished, averaging from the fiftieth to about the one hundred and fifteenth 
year but from 4 to 5 inches, and from this time to the age of two hundred and fifty years only 14 
inches—that is, at a relative rate of 10, 3, and 1 in the three successive periods, The decrease in 
the accretion of wood corresponds with the reduction in the growth of the branches and conse- 
quent reduction of foliage. From what has been said, it is seen that the Longleaf Pine attains 
maturity of growth, with the best qualities of its timber, at an age of from one hundred and eighty 
to two hundred years. After having passed the second century the trees are found frequently to 
be wind shaken and otherwise defective. The deterioration of the weather-beaten crown lessens 
the vitality of the tree, and the soil, under prevailing conditions, becomes less and less favorable. 
Tn consequence, the trees become liable to disease and mostly fall prey to the attacks of parasitic 
fungi (red heart). Instances of trees which have reached the maximum age of two hundred and 
seventy-five or three hundred years are exceptional. 

In order to ascertain the age required to furnish merchantable timber of first quality, meas- 
urements were made of a number of logs in a log camp in the rolling pine uplands of the lower 
division of the coastal pine belt near Lumberton, Washington County, Ala. From the results 
obtained i5 appears that in this section of the eastern Gulf region, at the lowest figure, two 
hundred years are requisite to produce logs of the dimensions at present cut at the sawmills. 
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TasLe I1.—Measurements of Longleaf Pine—period of slower growth from one hundred to two hundred years. 


Number of rings. 


ster, clear wood. 


Height. 


Of timber to first 
limb. 


= 


Diameter below crown. 


11 


| Sap on radius. 


— 
3 


Increase in diam- 
eter for each 


successive half 
century, 
inches, 


in 


Number of 


years re- 


quired for every inch 
of wood for each suc- 
cessive half century. 


...| Eastman, Ga 
. Renfroe, Ala...... 


Locality. 


Nona, Tex 


Wallace, Ala 


Wilson, Ala 


.| Chunchula, Ala... 


DO aan oeeee 
Levins Station, La. 
Nona, (Lexis -saeecs 
Ridgeland, S.C ... 
Chunehula, Ala... 
ons iU6k 52> se-e 


-.| Chunchula, Ala... 


Wilson, Ala 


-| Eastman, Ga...... 


Chunchula, Ala. -. 


.| Springhill, Ala.... 


Levins Station, La. 
Springhill, Ala.... 


Wallace, Ala 


Renfroe, Ala 


.-| Ryansville, Calea- 


sieu Parish, La. 

“Levins Station, 
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a. 
Wallace, Ala 


Ryansville, Calea- 
sieu Parish, La. 


.| Gently bale 
r 


Remarks. 


Flat; soil, deep sandy loam, damp; vir- 
gin forest close; exposure free. 

Gently rolling, pine upland, close; vir- 
gin forest; slightly under cover and 
oppressed, 

Bored timber; abandoned for five years; 
dry pine, rolling pine forest ; exposure 
free. 

ES forest; exposure free. 

1. 


Do. 
Flat woods; closed forest; damp, ete. 
Clearing in forest; soil dry, sandy. 
Rolling pine lands; dry, sandy. 
Flat woods; svildamp ; crown oppressed. 
Rolling pine woods; dry, sandy. 
Bored; dry uplands; open forest; par- 
tially free. 
Gently rolling uplands, dry; open for- 
“es exposure free. 


OO. 
Exposed slope; open forest; soil, loamy 
sand; exposure free. 
Open forest; dry, sandy; exposure free. 
Rocky hillside; dry subsoil, loam; expo- 
sure free. 
Rocky hillside; dry subsoil, loam; par- 
tially free. 
open forest; loamy 
sand; exposure free. 
Open pine forest; sandy loam, dry; 
ExpOSnES free. 
10. 


Open pine forest; loamy sand, dry; ex- 
posure free. 

Close forest; deep sandy loam; expo- 
sure free. 

Rocky hillside; forest open; dry; expo- 
sure free. 

Flat woods, damp; close forest; expo- 
sure free. 


0. 
| Rolling open forest; sandy loam; expo- 
sure free. 


Rolling pine woods; deep sandy loam; 
partially free. 

Rolling pine woods; deep sandy loam; 
slightly oppressed. 

| Rolling pine woods; deep sandy loam; 

| partially free. 
Rolling pine woods; deep sandy loam; 
partially under cover. 

Flat woods; loamy, damp; free. 


PERIOD OF SLOW GROWTH. 59 


Tabie III.—Measwrements of Longleaf Pine—period of slowest growth from two hundred to two hundred and sixty-six years. 


~ | Height. A | 
€ a 
ales zB | 
¢ 2 F By S | Tnerease in diam- | Number of years required 
| 4 s\g El eter for every for évery inch of wood 
BS) Flas a | 5 half century, in| for each successive half I lity » “k 
| 2 als inches. century. Hola Remarks: 
NS ea a w| 3 J 
8/5 |8la 25 
2 a 2 we) at oO a 
Se (eis) 2) 8) e 
eal ean lea ede |i ole ies lies =e rz al 
Bala Aan a tae 2 | at) 3s) 4) 6) 1 | 2) 8 7 a bea 
In.| Ft.| Ft. | In.| In 
202 | 200 | 23 | 60 | 127 | 14 3h)..-.|.- 4 eects PS ceclEsesos! hosseel sscea+ Ryanaville, Calea- | Flat woods; damp soil; sandy, cold 
| sicu Parish, La. | loam; exposure free. 
5 | 216 | 26 | 55 | 106 |.. 2 A ecincl Semel pcaacal | Aaese) occic ac Wallace, Ala...--- Gently undulating; forest dense; 
exposure free. 
16 | 202 | 29 | 56} 108 |..--].---|--..|.--.].-- fee]. -]e ee -|e nnn -[--- eon | = eee eele----- |e nee (ih) pee Biocer Gently undulating; dense forest; 
| | loamy sand; exposure free. 
241 | 206 | 21 | 54) 109 | 14] 38 j....|..-.|.--.|----|-- +.) eee ee nae -|enn eee |e een elennee- | Renfroe, Ala...... Rocky hills; open forest; exposure 
free. 
189 | 209 | 22 | 61 | 101 | 12 ibaa Ss) Seisa Scat sosud Nona, Tex ..----.- Level, dense forest; damp; expo- 
| sure free. 
aU} Peay) eee Tl) ahs Se Ses) boa Gees peed ood mec ste Renfroe, Ala...-.-- Rocky hills; forest open; under- 
| growth dense; exposure free. 
940 | 215 | 21 | 50) 112 | 144)... 2)... jee ee i oeae| bcoee|iecoe a 2|-ptcee||2seece | Wallace, Ala.....- Undulating fepie land: forest 
. | | dense; loamy sand; exposure 
; ae | somewhat oppressed. 
|) Pale) PP) BEI a) CS SE RRS Res eS roc Boon Moc sce | Undulating table-land; dense for- 
| est; exposure tree. 
61 | ONS || OF | Py | Basa eee Besool Soo-| boar Hosa Beod Peerc Undulating table land; open forest; 
| | exposure free; timber bled. 
60 | 220 | 23 | 45 | 117 |.-.--|----|----|----|----|---- een | reretaes bee =ci2 Do. 
249 | 235 | 22 | 41] 108) 15 | 33)....|.-..).--.|----|---.|---.- Le — Undulating table-land; open forest ; 
loamy sand; exposure tree. 
250 | 245 | 27 | 49 | 106 | 21 BP eed Spee ees ooo Gretete |etetetais \soees Do. 
188 | 240 | 25 | 52 | 110|17] 23)... Al bee aaa ene Bd aera Level, damp; forest dense; some- 
| | what oppressed. 
250 | 23 | 46 | 102] 16 | 13] 8 | 54] 33) 23) 2) 6 Rolling uplands; forest open; free. 
248 | 24 | 40| 101 | 15| 2] 8g) 6| 43! 34! 14) 5.7) 8.3) 11. é Do. 
Psy eae WP IBS Se Pa RE see acne oe Seton miele a Do. 
964 | 28 | 45 | 102 | 20|....| 74) 83] 43) 33/ 3| 6.6 | 5. ; a 2 Do. 
264 | 28 | 52] 103 | 18 |---.| 73) 8%] 4%) 3] 33) 6. Do. 
266 |°26 |----|--..- --+-|----| 8 | 53] 5%) 33) 2 6. Do. 


The following table and diagram (fig. 8) present the average results of a detailed study of over 
sixty trees collected in different localities. Since only the part of the stem from stump upward is 
represented, the seedling period of slow growth finds no expression. It will be observed that the 
growth in height is a maximum between the age of ten and thirty years, amounting to 14 feet for 
each decade; that it is but half of this at sixty and little over one-third at the age of one hundred 
years. As plainly indicated in the fine, uniform grain of the wood, the growth in diameter is 
remarkably uniform until the tree reaches the age of about one hundred years. From this on it 
decreases rapidly and is searcely more than one-fourth as great at one hundred and eighty as it 
is at one hundred. The rate of growth in volume increases steadily up to the one hundredth year, 
reaching a maximum of over 1.2 cubic feet per year, but decreases, though very slowly, from that 
time forward, being only about one-half cubic foot per year when the tree reaches the age of one 
hundred and eighty years. 

Rate of growth of Longleaf Pine. 


s Length Volume. Periodical accretion. 
Diam- | of tim- 


eter ber, —— = . ‘ 
Ares with | with | Height | ere | Current 
6°-| park | upper | of tree. Dae Area of aean stion,2ccret ion. 
(breast| diame- Tree. Log. Decade. ee | Height. cross sec-| Volume. |"°°PS#0™| 
high). | ter of . tions. | | 
inches. | | 
Inches.| Feet. | Feet. | Cu.feet. | Ou. feet. Inches.| Feet. | Sq.foot. | Cu. feet.| Cu. feet. | Cu. feet. 
10 BG) | fee 5 9 (Pte) oor cee) Wirat..--0. cccneecensen-sceene= ea 9 0,01 0.12 | 0.01 0.01 
20 -8 |. 23 1.20 |. .| Second .........------------2-+ 1.8 | 14 - 04 1.08 . 06 Sit 
30 Pp 37 3.35 |. Sa) aetb ee see 1.6 4 07 2.15 -ll 2k 
40 0 48 7.06 .61 | Fourth ....---- 160 11 | 08 | 3.71 18 .37 
50 Ba 56 10. 75 9.30 | Fifth -- oaee 1.2 | 8 3 3. 69 -21 37 
60 6 62 15, 26 13.99 } Sixth ....--.....-...-.-------- 1.4 6 4.51 | 25 45 
70 5 67 24. 16 23.11 | Seventh . = 1.6 5 8 .35 .89 
80 0 f 72 33.18 32.27 | Kighth....- | ~1.6 5 Al -90 
90 14.5 56 76 43.57 42.66} Ninth ... SoCo: 1.2 4 .48 1.04 
100 16.0 60 80 55, 85 54.94 | Tenth 1.1 4 56 1. 23 
120 18.0 65 87 76. 87 75.87 | Eleventh and twe 1.8 7 . 64 1.05 
140 19.5 72 93 96. 44 95.49 | ‘Thirteenth and fourteenth. -.. 1.6 6 | . 69 . 98 
160 20.5 80 98 112. 30 111.50 | Fifteenth and sixteenth ...... .8 5 | .70 .79 
180 21.3 85 103 22,00) 121.20 | Seventeenth and eighteenth -- -75 5 | . 67 53 
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Fic. 8.—Growth of Longleaf Pine: Height, diameter, and cubic contents of average trees at 10, 20, ete., years of age. 


CONDITIONS OF DEVELOPMENT. 


Demands upon soil and climate.—In its demands upon the soil this pine is to be counted among 
the most frugal as far as mineral constituents, which are considered as plant food, are concerned, 
if only the mechanical conditions which influence favorable soil moisture are not wanting. It 
thrives best on a light siliceous soil, loamy sand or pebbles or light sandy loam, with a slightly 
clayey subsoil sufficiently porous to insure at least a partial underdrainage aud to permit unim- 
peded development of thelong taproot. Whenever the tree meets an obstacle to the development 
of this root it remains more or less stunted. 

The luxuriance of the growth and increase in size of the timber, however, is greatly influ- 
enced by the quantity of clay present, particularly in the deep subsoil, which improves mechanical 
and moisture conditions. This is strikingly exhibited in the timber of the level pine flats west of 
the Mississippi River, although the surface drainage is almost wanting and the underdrainage 
through the loamy strata slow, so that the surface of the soil remains damp or water-soaked for 
the greater part of the year; the stand of timber of first-class dimensions exceeds considerably 
that of the rolling pine uplands on the Atlantie slope and the lower part of the pine belt in the 
Bastern Gulf region, which are poorer in clay. Evidently, although the underdrainage is less 
perfect, the moisture conditions during the dry season of the year, the time of most active growth, 
must be most favorable. The same fact is apparent in the upper part of the coast pine belt in 
Alabama and Mississippi, where upon the same area, with a smaller number of trees, the crop of 
timber may be considered almost twice as heavy as that found on the pine barrens proper farther 
south. On the soil of fine, closely compacted sand, entirely deficient in drainage as found in the 
so-called pine meadows along the coast of western Florida, Alabama, and Mississippi, as well as 
on the siliceous rocky ridges of central and northern Alabama, the tree is so stunted as to be of 
little or no value for its timber. 

“Tt is neither temperature alone, nor rainfall and moisture conditions of the atmosphere alone, 
that influence tree growth, but the relation of these two climatic factors, which determines the 
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amount of transpiration to be performed by the foliage, and again with most species we must place 
this transpiration movement into relation with available soil moisture, in order to determine what 
the requirements and the most suitable habitat of the species are” (B. E. Fernow). Hence we find 
that east of the Mississippi River the Longleaf Pine occurs in greatest frequency aloug the isotherm 
of 60° I’. ranging to the 34° north latitude, while west of the Mississippi it follows a line between 
the isotherms of 63° and 64° F. and is scarcely found north of the thirty-second parallel of north 
latitude. Within this area of its distribution it is exposed to wide variation of temperature and 
moisture conditions, 

Under the influence of the vapor-laden breezes from the Mexican Gulf and an evenly distributed 
rainfall ranging from 42 to 63 inches during the year, the Longleaf Pine appears of the same thrift 
and vigor of growth in the interior of Alabama under 34° to 35° north latitude, with the ther- 
mometer falling as low as 4° I. (16° ©.) and a range of temperature of 93° (at Tuscaloosa), as it is 
found in the subtropical belt of the coast with a maximum temperature of 105° F. (40° ©.) and a 
range of temperature of 94° west of the Mississippi River, although the temperature reaches 
rarely a minimum of 15° and 12°, respectively, at the northern limit of the tree in these States, the 
diminished humidity of the atmosphere and lesser rainfall, particularly during the warmer season, 
account for its absence. There can be no doubt that the greater exposure to the violence of the 
sudden gusts of dry and cold wind known in Texas as “dry northers” exercises also no small 
influence in limiting the Longleaf Pine. 

ASSOCIATED SPECIES. 

The Longleaf Pine is eminently a gregarious tree, covering areas of wide extent, to the almost 
complete exclusion of any other species. In the flat woods of the coastal plain, particularly near 
its northern limit on the Atlantic Slope, it is not infrequently associated with the Loblolly Pine; 
farther south and along the Gulf Coast to the Mississippi River, more or less frequently with this 
tree and the Cuban Pine. Inthe upper part of the maritime pine belt it not rarely occurs together 
with the Shortleaf Pine and the Loblolly Pine intermixed with the deciduous trees of the uplands, 
viz, the Black Oak, Spanish Oak, Black-jack, Bitternut, Mockernut Hickories, and Black Gum. 

It will be apparent, from what has been said regarding the demands for light, that the asso- 
ciated species must be either slower growers or later comers, if the Longleaf Pine is to survive in 
the mixture. As has been pointed out elsewhere, with the culling of the Longleaf Pine from the 
mixed growths it must soon cease to play a part in them, since its renewal under the shade of 
the remaining associates is impossible. 

ENEMIES. 


The greatest danger threatening the existence of the forests of Longleaf Pine must be ascribed 
to the agency of man, since their destruction is caused chietly by the reckless manner in which 
they are depleted without heed to recuperation. The right of ownership has been generally 
acquired on such low terms that since no value has been attached to the land without the 
timber, despoliation has been carried on with no other object than the quickest return of 
momentary profits. 


EXPLOITATION. 


Such management could not but entail tremendous waste, a large percentage of the body of 
the trees felled being left on the ground to rot or to serve as fuel for the conflagrations which scour 
these woods almost every year. Infinitely greater than the injuries inflicted upon the forest by 
the logger and by getting out cross-ties and hewn square timber, which consist chiefly in the 
accumulation of combustible waste, are those caused by the production of naval stores. When 
the fact is considered that the production of the 40,000 barrels of spirits of turpentine, which on 
an average during the latter half of this decade annually reached the market of Mobile alone, 
implies the devastation of about 70,000 acres of virgin forest, the destruction caused by this 
industry appears in its full enormity. Under the management of the turpentine orchards 
prevailing at present, trees of such small size are tapped that they are unable to resist the force 
of the winds, and in a few years are inevitably prostrated, while the larger trees, weakened by the 
severe gashes on almost every side, become largely wind-shaken and the timber after a few years 
almost worthless. 
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While a judicious tapping is not only justified, but demanded, by an economie system of 
exploitation, the prevailing methods of orcharding are unnecessarily destructive. 

The tapping of sappling timber not yet ripe for the saw, and the destructive fires started in 
connection with this industry, annihilating all young growth, prevent any renewal of the forest, 
while the working of large bodies of timber years before milling facilities are available leads often 
to 20 per cent and more of loss in both quality and quantity of the merchantable product. 


FIRES. 


The greatest injury to which the pine forests are subject in consequence of turpentine 
orcharding arises from the fires which are started every spring for the purpose of getting rid of 
the combustible matter raked from around the tapped trees in order to protect them from accidental 
conflagrations while they are worked. These forest fires, spreading far beyond their intended 
limits, destroy entirely the youngest progeny of the pines, stunt the growth of the more advanced 
trees, and cause the ruin of a large number of older ones in the abandoned turpentine orchards. 
Burning deeply into the gashes and other exposed surfaces of the tapped trees, these fires hasten 
their prostration by the gales. Moreover, the fire causes cracks in the surfaces laid bare by the 
ax and the puller occasions greater exposure to atmospheric action, thus inducing more or less 
rapid decay. A test, made by sawing through twenty-two logs taken at random from a turpentine 
orchard after it had been abandoned for a period of sixteen to eighteen years, showed that about 
one-half of the timber was partially decayed and shaky. 

3esides the production of naval stores as a cause of forest fires, there is another scarcely less 
potent. This is the practice prevailing among the settlers of burning the woods upon the approach 
of every spring in order to hasten the growth of grass for their famished stock. Fires are also 
frequently started through the carelessness of loggers and hunters, in the preparation of the ground 
for tillage, and by sparks from locomotives. These fires, occurring at least once during every 
year, cause the total destruction of the young growth of the Longleaf Pine. The danger to this 
species is much greater than to any other Southern wood, because of the greater length of time it 
requires to reach a size at which it can offer some resistance to fire. In the open forests of Longleaf 
Pine the fires ave not so destructive to the larger timber as in the dense forests of coniferous 
trees farther north, trees of larger size being, with some exceptions, but slightly, if at all, directly 
damaged. 

Another serious damage, however, resulting from the frequent recurrence of fires is the 
destruction of all vegetable matter in the soil. Deprived of the mulching needed for the retention 
of moisture, the naturally porous and dry soil, now rendered absolutely arid and barren, is no longer 
capable of supporting any larger tree growth or other useful vegetation. 


LIVE STOCK, 


Of no less danger to the existence of the forests of Longleaf Pine is the injury caused by live 
stock. This agency, slow in its action, is sure to lead to their destruction unless restricted to some 
extent. Besides the damage due to the trampling down and mutilation of the young growth by 
herds of cattle roaming through the woods, the smaller domestic animals—goats and sheep—eat 
the tufts of the tender foliage of the seedlings, while hogs are seen digging up and chewing the 
spongy and tender roots of the young plants. As a further agency in the way of the renewal of 
this species, the destruction of the mature cones might be mentioned, caused principally by the 
squirrels, which peel off the scales clean to the core in search of the sweet, nutritious seed. 


STORMS. 


Pull-grown trees are frequently uprooted by the hurricanes which from time to time pass 
through the pine belt. Those having the taproot shortened by impenetrable layers of indurated 
clay interposed in the subsoil at varying depths are invariably the first victims of the high winds. 
In trees grown in such places the taproot is found with a tumid and round base as smooth as if 
polished. 
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FUNGI, 


Frequently full-grown trees are found to show signs of rapid decay. These are recognized by 
the gradually dying of the smaller limbs and their falling off, in consequence of the robin of the 
wood surrounding their base; and after having been cast off a hole or diseased spot remains in 
the trunk, which is infested by a large fungus of the genus Polyporus (punk holes, punk stools), 
The heartwood of such trees is of a reddish color, soft, sappy, and full of small channels, caused 
by the breaking down of the walls of the wood cells, filled with the mycelium, the so-called spawn 
of the fungus, the threads of which also penetrate the medullary rays. Such punky or red-heart 
timber is found mostly on the ridges in the poorest soil. Apparently superannuated trees are most 
frequently found afflicted with this rot. 


INSECTS, 


The Longleaf Pine, throughout its existence, is exposed to the danger of destruction by the 
Tavages of insects, hosts of which, belonging to various orders, are found to infest it from the 
earliest stages of its development. Upon the tufts of the tender primary leaves of the seedling 
are often found feeding large numbers of a yellow, black-striped caterpillar, the larvie of a species 
of sawfly (Lophyrus). 

The cambium of trees felled in the latter part of the summer is soon found swarming with the 
larval brood of bark beetles, which after a short time infest the trees growing hear by, causing, as 
has been again and again observed, the death particularly of the trees of younger growth over 
extensive areas. Hence the necessity of stopping the practice of felling trees during the summer 
season. According to information kindly furnished by Mr. Schwarz, of the Entomological Division 
of the United States Department of Agriculture, most if not all the species of the bark beetles, 
the family Tomicide have more than one annual generation, and in the Southern States they have, 
in all probability, three. The summer generation develops in a very short time, possibly within 
four or five weeks, and the perfect beetles issuing from the trees felled in August will in Septem- 
ber attack the healthy trees near by for want of more suitable food. The ravages spoken of by 
Michaux refer, no doubt, to these species of Tomicide beetles which enter the solid wood of trees, 
e. g., Gnathotrichus materiarius and Xyleborus pubescens. The galleries of these timber beetles 
or allied species are found to penetrate the wood to the heart. The grating noise made by the 
larvie of the large ceramboid beetle, the Monohammus, while engaged in its work of destruction 
frequently strikes the ear in the forest. That there is a large number of species belonging to 
different orders preying on the Longleaf Pine and more or less destructive to the life of this tree is 
apparent from the following communication from Mr. Schwarz: 

The number of insects to be found on the Longleaf Pine is very large and comprises species of most orders, but 
a complete list of them has never been published and the habits of most of them have never been carefully studied. 
Only those which are really injurious to the tree need to be considered. 

Order Hymenoptera: Several species of sawflies (Tenthredinid@), occasionally very injurious to the younger tress, 
the larve defoliating the branches. The species thus far observed are Lophyrus Abbotii, Leach; Lophyrus Lecontei, 
Fitch, and three or four less common species. 

Order Coleoptera, slip B: Round-headed borers (larvie of Cerambycid@) affect the trees similarly to the Buprestida, 
but their burrows are always cylindrical, and some species bore only under the bark. The most abundant and 
destructive is Monohammus titillator, Fabr.,; but there are many other species, of which the following isa partial list: 
Scaphinus sohericollis, Lec.; Asemum moestum, Hald.; Criocephalus nubilus, Lec. ; Eupogonius tomentosus, Hald.; Acantho- 
cinus nodosus, Fabr. In the family Curculionida, the worst enemy of the pine tree in the more Northern States, 
Pissodes strobi is rare in the region of the Longleaf Pine, but another species, Pachylobius picivorus, Germ., the lary 
of which bore under the bark, is quite common and greatly injurious to the Longleaf Pine. Of its more dangerous 
enemies the Scolytid beetles, which mostly bore their galleries under the bark, only a few species entering the solid 
wood, the following are known to infest Pinus palustris: Pityophthorus pulcarius, Zim.; P. annectens, Lec.; Tomicus 
calligraphus, Ger.; T. avulsus, Eich.; T. cacographus, Lec.; Crypturgus atomus, Lec.; Dendroctonus terebrans, Oliv. ; 
D. frontalis, Zim.; Hylastes porculus, Er.; H. exilis, Chap. 

The few species entering the solid wood are Platypus quadridentatus, Oliv.; Gnathotrichus materiarius, Pitch, and 
Xyloborus pubescens, Zim. Most of these Scolytidw are extremely numerous in specimens, and although they usually 
infest injured or diseased trees, yet in cases of excessive multiplication or for want of proper food they often attack 
healthy trees, which within one or two years succumb to their attacks, 
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NATURAL REPRODUCTION. 


Certain peculiarities inherent to this species form a series of obstacles in the way of its 
spontaneous reproduction. These are, first, the rare occurrence of seasons of abundant crops of 
seed, and, second, its slow growth during the earliest part of its development, rendering the 
young offspring of this pine liable to be suppressed by competing species of quicker growth. To 
these causes is to be further added its dependence upon the influence of direct sunlight, which is 
required for its germination as well as during the subsequent stages of its growth to maturity, 
and the sensitiveness of the seeds and seedlings to moisture; placed in a wet, undrained soil, the 
germinating power of the first is destroyed and the latter will perish on exposure to the same 
conditions. A study of the young growth of the Longleaf Pine over the different regions of its 
habitat leads unavoidably to the conclusion that the chances for the reproduction of its forests, 
left to the ordinary course of nature, are quite limited, even if .the adverse conditions arising 
from human agencies are left out of consideration. On the lowlands of the Atiantic Coast toward 
its northern limit this pine is almost invariably replaced by the Loblolly Pine, while farther south 
and in the coastal plain of the Gulf States east of the Mississippi River, after its removal, it is 
replaced partly by the Loblolly Pine and largely by the Cuban Pine. On the wide expanse of 
uplands rising above the coastal plain with their broad ridges of a soil of sandy loam, the young 
trees of the Longleaf Pine are met with in every stage of growth. Attaining, however, during the 
first five or six years scarcely a greater height than the surrounding herbage, the seedlings are 
irredeemably ruined by the various destructive agencies to which they are exposed. On land liable 
to repeated contlagratious, a scrubby growth, chiefly of barren oak and other upland oaks already 
mentioned, takes possession and excludes by its shade the pine. If upon the rolling pine lands or 
dry pine barrens the remoyal of most of the original tree covering is followed by a succession of 
barren years, the ground will surely be invaded by the hard-wood trees mentioned, which will retain 
possession. Under the shade of these trees the Longleaf Pine can never again find ahome, In the 
stronger soilof the upper division of the maritime pine belt, the region of mixed growth, where the 
seedlings of the Longleaf Pine spring up simultaneously with the hard wood trees and the seedlings 
of the Shortleaf Pine, these latter will eventually gain the supremacy and suppress those of the 
Longleat Pine; consequently the latter is seldom observed in mixed forests of second growth. In 
the flat woods, particularly in the pine flats of southwestern Louisiana aud Texas, with a soil 
water-soaked during the winter and spring, the offspring of the Longleaf Pine is still more rarely 
met with for the reasons stated. From these facts it is evident that, owing to natural causes, 
combined with the unrestricted sway of the influences leading to its destruction by human agency, 
the offspring of the Longleaf Pine is rarely seen to occupy the place of the parent tree, even in the 
region most favorable to its natural renewal, and that final extinction of the forests of the Longleaf 
Pine is inevitable unless proper forest management is applied. 


FOREST MANAGEMENT. 


The time for the acquisition of timber lands or of the right of working them for their products 
at prices far below what could be considered as an adequate return for their imstrinsic value has 
well-nigh passed away. The opportunities which existed during the last twenty-five years for 
acquiring Longleaf Pine lands, which were open to purchase by the hundreds of thousands of acres 
have now ina great measure ceased to exist. The greater part of this kind of preperty has passed 
into the possession of capitalists, and the rest will soon be similarly controlled. Under this new 
order of things the price of these timber lands is gradually approaching figures more in proportion 
to their true value. The depredations committed unblushingly on the public lands, and on the 
lands of railroad corporations and private owners, are rendered less easy every year under a mutual 
protection of interest. Reckless waste and devastation, heedless of the interests in the future, 
are giving way to a more economical management of the timber resources in the logging camp and 
in the mill. No measures have been attempted to maintain these resources by sparing the younger 
timber in its best stage of growth from the ax, or to provide in any other way for the protection 
and preservation of the younger growth, 
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What has been said of the geographical distribution of this tree and its demands upon climate, 
soil, and exposure, demonstrates that east of the Mississippi River it can be successfully grown all 
over the maritime plain of the Southern States (Austro-riparian zone) and in the interior of Ala- 
bama, through a large region of the Carolinian and the extreme southern extension of the Appa- 
lachian zone to an elevation above the sea falling little short of 1,000 feet. And the sandy soils 
of this region, largely too poor for agriculttiral use, are par excellence Longleaf pinelands. In the 
renewal of the forests of Longleaf Pine, upon areas denuded, the fact must be borne in mind that 
to produce timber which is under present conditions considered of fair merchantable quality a 
period of not less than one hundred and fifty years is required, and that to produce timber of the 
strength, clearness, and durability for which it is held in such high esteem the slow growth under 
the severe and hardening conditions involved in the struggle for light in the crowded forests is 
necessary. Hence, economic reasons would point to the maintenance and conservative manage- 
ment of the existing forests of Longleaf Pine and their renewal by natural reproduction, and 
perhaps best the method of selection which under the present conditions appears the most practi- 
cable, involving chiefly methods of protection. 

By this method all or most of the mature trees, corresponding in their proportions to the most 
desirable quality of timber, are cut and the rest left to grow till they reach similar dimensions, to 
be in their turn replaced by the second growth, which in the openings from time to time springs 
up. In fact, this method was followed in the earlier days of the timber industry in the several 
regions of the Longleaf Pine, where the forests were being culled for the best sizes at intervals 
of from fifteen to thirty years. But owing to the exhaustion of the mature pine from forests 
within distance of railroad lines and water courses, which necessitates great outlays of capital 
for constructing tramroads or waterways, the original practice of selection has been abandoned, 
no tree being spared at present that will make a stick of timber, however small, as long as 
it finds a sale in the market. Care should of course be taken to leave always enough seed 
trees evenly distributed, and the chief care is to be directed to the protection of the seedlings 
and other young growth from the destructive agencies mentioned—fire, cattle, and the encroach- 
ment of invading species. A forest under such management would necessarily present a great 
diversity in the growth of the trees, and the length of time between one cutting and the next 
would be equally variable. It must be remarked that the demand of this species for the unhin- 
dered access of direct sunlight during the time of germination and successive stages of growth 
might prove a serious obstacle to the continued success of this method of selection; and the “ group 
method,” as described in the report of the chief of the Division of Forestry for 1894, might be sub- 
stituted with advantage. Where it is desired to reestablish the growth of Longleaf Pine upon 
denuded areas, the ground must be cleared of every obstacle in the way of free access of the rays 
of the sun before the sowing. Owing to the ease with which the seeds germinate and the seed- 
lings take root in the ground, but slight preparation of the same would be required, and there 
would be no difficulty in procuring a good stand. If transplanting is to be resorted to, the seed- 
lings should be taken up during the fall or winter succeeding the first season of their growth, 
before the further development of the rapidly growing taproot, the precaution always being taken 
to prevent any injury to the rootlets and their drying out before their transfer to the ground. 
Since the trees clear themselves easily of branches, the stand in the plantation in the earlier 
stages does not need to be as dense as with other species. In order to secure improyement and 
permanency of favorable soil conditions, the litter from the shedding of the leaves and gradual 
decay of herbage should be left undisturbed on the ground. 

There can be hardly any doubt that the introduction of other shady species would greatly 
assist in improving soil conditions and producing more rapid development of the pine. Care 
would have to be taken to bring in these species later, say between fifteen and twenty years, when 
the pine has begun to make its rapid height growth and can escape the shade of its neighbors. 

For the present, however, the economic conditions are hardly yet ripe for any artificial 
reforestation, but the great importance of this valuable forest resource to the industrial and 
commercial development and prosperity of the people living within its limits should be apparent 
enough to keep them at least from preventing its natural reproduction. The growth of the young 
timber after the first few years is rapid enough, as may be seen from the table on page 57, and 

17433—No, 13 5 


66 TIMBER PINES OF 'THE SOUTHERN UNITED STATES. 


after fifteen or twenty years, when the trees have reached a diameter of 12 inches, they can be 
tapped for resin and will give a continuous revenue. Under careful management, and by tapping 
only the trees which should be removed in thinnings to make light for the rest, this revenue can 
be obtained without in any way impairing the final harvest value. 


CONCLUSION. 


From the southern frontier of Virginia, throughout the lower part of the Southern States, to 
the limits of high and compact forest growth west of the Mississippi River, spread over an area of 
from 90,000 to 100,000 square miles, the forests of the Longleaf Pine present yet a stupendous tim- 
ber wealth. Yet, if we deduct the farm lands, and consider that large areas have been culled or 
entirely denuded of the original growth, we may estimate that the amount of timber standing can 
at best not exceed 100,000,000,000 feet, and is probably much less, while the cut, which at present 
does not fall short of 3,700,000,000 feet, board measure, is bound, as the Northern pine is giving 
out, to increase at even greater rate than in the past. Under such a strain, outstripping by far 
the possibilities of their reproduction, the exhaustion of the resources of these forests within the 
near future is inevitable, and if the devastation under present management by the naval store 
industry and the destruction caused by fire and domestic animals is continued their extermi- 
nation as far as practical purposes are concerned must be regarded as equally certain. 


APPENDIX. 


THE NAVAL STORE INDUSTRY. 


The resinous product of the Longleaf Pine furnishes the raw material for the production of 
naval stores, one of the most important industries in connection with the resources of the 
American forests. At present the bulk of these stores used in the world is derived from the 
forests of Longleaf Pine, and hence this industry is almost entirely confined to the coast pine belt 
of the Southern States, the proportion contributed by France, Austria, and other countries being 
insignificant. 

For the year 1892 the foreign export of spirits of turpentine alone amounted to over 260,000 
casks and the total production exceeded 350,000 casks. To produce this amount of spirits at least 
2,500,000 acres must have been in orchard, and since over one-third of the total production is 
furnished by orchards being worked for the first year, over 800,000 acres of virgin forest must be 
attacked annually to supply present demands. 

Under the name of naval stores are comprised the products derived directly or indirectly from 
the resinous exudation of cone-bearing trees, mostly pines, including tar, the product of the 
destructive distillation of the wood of pines highly charged with resinous matter. The name is 
undoubtedly derived from their extensive consumption in the shipyards and on board of vessels. 
These products are: 


RESIN, OR CRUDE TURPENTINE. 


The resin of the Longleaf Pine recently exuded is almost colorless, or of a pale straw color, of 
the consistency of honey, having a terebinthinous odor and taste, and like all substances of the 
same class is insoluble in water, but soluble in alcohol, ether, and spirits of turpentine. It con- 
sists of a volatile oil and a solid resin held in solution partially suspended in the former. The best 
quality is obtained during the first year the tree is worked, known as “virgin dip” or “soft white 
gum,” which is almost colorless and contains the largest quantity of volatile oil. In the following 
year it is of a deeper yellowish color, the “yellow dip,” which with each succeeding year becomes 
darker in color, more viscid, and poorer in volatile oil.' 

The resin toward the close of the season produced on the tree under the influence of a cooler 
temperature is called hard gum, or scrape. This solidified resin of whitish to yellowish color 
contains only half of the quantity of the spirits of turpentine obtained from the dip or soft gum. 
By the distillation of the crude turpentine the naval stores of most importance to trade are 
obtained. 

SPIRITS OF TURPENTINE, OR OIL OF TURPENTINE. 


Spirits of turpentine, or oil of turpentine, is the volatile constituent of the resin. This liquid 
when freshly prepared is colorless, of a peculiar odor and taste, of a density varying between 
0.85 and 0.87, volatile at ordinary temperatures, boiling between 304° and 520° F. It turns polar- 
ized light to the right, a characteristic feature of the American spirits of turpentine, most of the 
spirits from other sources polarizing the light to the left. In its pure state this volatile oil is free 
from oxygen, being a hydrocarbon of the composition of CyHy. It is highly inflammable and 


1Tt is still an open question whether this deterioration is necessary or only owing to faulty manipulation. 
Experiments to settle this question are now in progress in the Forestry Division. 
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burns with a sooty flame. It is a good solvent for many resins, wax, fats, caoutchouc, sulphur, 
and phosphorus, and is used in the arts and industries for the preparation of varnishes, in paints, 
the rubber industry, ete. Before the introduction of kerosene oil it was used extensively for an 
iliuminator; if is also used in medicine internally and externally and often as an adulterant of 
various essential oils. 


ROSIN, OR COLOPIIONY. 


The solid constituent of the crude turpentine which forms the residue remaining after its dis- 
tillation. It is of different degrees of heaviness, according to the quantities of volatile oil retained 
after distillation, is brittle, easily powdered, of a glassy luster, and of the specific gravity of 1.07, 
almost without taste, of a faint terebinthinous odor. It becomes soft at about 176° F., melts 
between 194° and 212° F., and is soluble in the same solvents as crude resin. According to the 
nature of the crude turpentine, depending upon the number of seasons the trees have been worked, 
it shows different properties in regard to the transmission of light, and in color. It is either 
perfectly transparent, translucent, or almost opaque and almost colorless, or a pale straw color to 
golden yellow, reddish yellow, through all shades to dark brown and almost black. The market 
value of this article is entirely regulated by these properties. In the American market the follow- 
ing grades are distinguished: WW (Water White) and WG (Window Glass), the lightest and 
highest-priced grades, obtained from the “ virgin dip;” N (Extra Pale), M (Pale), K (Low Pale), 
I (Good No. 1), H (No. 1), F (Good No, 2), E (No. 2), D (Good Strain), C (Strain), B (Common 
Strain), and A (Black). 

: PINE TAR. 


This is not exactly a by-product of the turpentine orchard, but is produced by the destructive 
distillation of the wood itself. It is chiefly produced in North Carolina, where this industry has 
been carried on since the earliest colonial times. Small quantities are produced in other sections 
of the Southern pine belt, mostly for home consumption. Perfectly dry wood of the Longleaf Pine, 
dead limbs and trunks seasoned on the stump, from which the sapwood has rotted, are cut in 
suitable billets, piled into a conical stack, in a circular pit, lined with clay, the center communi- 
cating by a depressed channel with a receptacle—a hole in the ground—at a distance of 3 to 4 
feet from the pile. The pile is covered with sod and earth, and otherwise treated and managed 
like a charcoal pit, being fired from apertures at the base, giving only enough draft to maintain 
slow smoldering combustion. After the ninth day the tar begins to flow and continues for several 
weeks. It is dipped from the pit into barrels of 320 pounds, the standard weight. One cord of 
dry “fat” or “lightwood” furnishes from 40 to 50 gallons of tar. The price of pine tar is quoted 
as low as $1.05 a barrel. Since considerable quantities of tar are produced incidentally in the 
destructive distillation of wood in iron retorts for charcoal and other products, the price has 
been greatly depressed. 


COMMON PITCH. 


The best quality is obtained by boiling down tar until it has lost about one-third or more of 
its weight. The naval pitch of commerce has more or less rosin of the lowest grade added to it. 
Pitch is also obtained as the residue remaining from the dry distillation of rosin for rosin oil. 


HISTORICAL REMARKS. 


The tapping of the trees for the crude turpentine and the manufacture of tar and pitch was 
first resorted to by the earliest settlers of North Carolina, and in later colonial times these products 
furnished the largest part of the exports of the colony. In the three years from 1768 to 1770 
the exports of crude turpentine, tar, and pitch represented on the average for each year a value of 
$215,000 of our present currency. Most of the crude turpentine was shipped to England. Later 
the distillation of spirits of turpentine was carried on in clumsy iron retorts in North Carolina 
and in Northern cities. The introduction of the copper still in 1834 resulted in a largely 
increased yield of spirits of turpentine, and the industry received a great impetus. With the new 
demand for spirits of turpentine in the manufacture of rubber goods, and its increased use as an 
illuminator, the number of stills increased greatly, and turpentine orcharding was rapidly 
extended south and west beyond its original limit. The large consumption of spirits of turpentine 
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caused such an increase in its production that the residuary product, rosin, became largely in 
excess of the demand, and, in consequence, much depreciated. This reduction of profits in the 
business caused the transfer of the stills from the leading markets to the source of the raw 
material, the forest. From that time, 1844, dates the great progress made in the extension of this 
industry. Up to that time more than half of the crude turpentine was distilled in North Carolina, 
but thenceforth the industry spread into the States of South Carolina, Georgia, Florida, and the 
Gulf States to the Mississippi River. 

At the close of the war the demand for spirits of turpentine was not so great as before, 
petroleum products of several kinds having been found to take its place not only for illuminating, 
but also for other purposes. With the general extension of arts and manufactures all over the 
world, there has since been an increasing demand for spirits of turpentine and rosin. The exports 
of these articles in the year 1890 amounted to $8,135,339 in value. 


TURPENTINE ORCHARDING IN THE FORESTS OF LONGLEAF PINE. 


In the establishment of a turpentine orchard and a still, two points must be considered, 
namely, proper facilities ef transportation to shipping points and a sufficient supply of water for 
the condenser connected with the still. The copper stills generally in use have a capacity of about 
800 gallons, or a charge of 20 to 25 barrels of crude turpentine. For such a still to be charged 
twice in twenty-four hours during the working season, 4,000 acres of pine land of a good average 
stand of timber are required. This area is divided into twenty parcels each of 10,000 boxes, as the 
receptacles are called, which are cut into the tree to receive the exuding resin, Such a parcel is 
termed a crop, constituting the allotment to one laborer for the task of chipping. The work in a 
turpentine orchard is started in the earlier part of the winter with the cutting of the boxes. Until 
some years past no trees were boxed of a diameter jess than 14 inches; of late, however, saplings 
under 10 inches in diameter are boxed. Trees of full growth, according to their circumference, 
receive from two to four boxes, so that the 10,000 boxes are distributed among 4,000 to 5,000 trees 
on an area of 200 acres. 

The boxes are cut (see Pl. VIII) from 8 to 12 inches above the base of the tree, 7 inches deep 
and slanting from the outside to the interior, with an angle of about 35°. In the adult trees they 
are 14 inches in greatest diameter and 4 inches in greatest width, of a capacity of about 5 pints. 
The cut above this reservoir forms a gash of the same depth and about 7 inches of greatest height. 
In the meantime the ground is laid bare around the tree for a distance of 25 to 5 feet, and all com- 
bustible material loose on the ground is raked in heaps to be burned, in order to protect the trees 
against danger of catching fire during the conflagrations which are frequently started in the pine 
forests by design or carelessness. The employment of fire for the protection of the turpentine 
orchard against the same destructive agency necessarily involves the total destruction of the 
smaller tree growth, and if left to spread without control beyond the proper limit, often carries 
ruin to the adjoining forests. 

Dnring the first days of spring the turpentine begins to flow and chipping is begun, as the 
work of scarification is termed, by which the surface of the tree above the box is laid bare beyond 
the youngest layers of the wood to a depth of about an inch from the outside of the bark. The 
removal of the bark and of the outermost layers of the wood—the “chipping” or “hacking”—is 
done with a peculiar tool, the “hacker” (fig. 9, e, /), a strong knife with a curved edge, fastened 
to the end of a handle bearing on its lower end an iron ball about 4 pounds in weight, to give 
increased force to the stroke inflicted on the tree, and thus to lighten the labor of chipping. As 
soon as the searified surface ceases to discharge turpentine freely, fresh incisions are made with 
the hacker. The chipping is repeated every week from March to October or November, extending 
generally over thirty-two weeks, and the height of the chip is increased about 15 to 2 inches every 
mouth. The resin accumulated in the boxes is dipped into a pail by a flat trowel-shaped dipper 
(fig. 9,@) and then transferred to a barrel for transportation to the still. In the first season from 
six to eight dippings are made. The 10,000 boxes yield at each dip 40 barrels of *dip” or * sott 
gum,” as it is reckoned in Alabama, to be of 240 pounds net weight. The flow is most copious 
during the height of the summer (July and August), diminishes with the advent of the cooler 
season, and ceases in October or November. As soon as the exudation of the resin is arrested and 
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the resin begins to harden under the influence of a lower temperature it is carefully seraped from 
the scarified surface and the boxes with a narrow, keen-edged knife attached to a long wooden 
handle (fig. 9, b, c). In the first season the average yield of dip amounts to 280 barrels and 
of the hard gum or scrape to 70 barrels. The first yields 64 gallons spirits of turpentine to the 
barrel of 240 pounds net, and the latter 31 pounds to the barrel, resulting in the production of 
2,100 gallons spirits of turpentine and 260 pounds of rosin of higher and highest grades. The 
dippings of the first season are called “virgin dip,” from which the finest quality of rosin is obtained, 
graded in the market as Water White (WW) and Window Glass (WG). In the second year from 
five to six dippings are made, the crop averaging 225 barrels of soft turpentine and 120 barrels of 
scrape, making altogether about 1,900 gallons spirits of turpentine. 

The rosin, of which about 200 barrels are produced, is of a lighter or deeper amber color, and 
perfectly transparent, of medium quality graded as I, H, and G. In the third and fourth years 
the number of dippings is reduced to three. With the flow over a more extended surface, the 
turpentine thickens under prolonged exposure to the air and loses some of its volatile oil, partly 
by evaporation and partly by oxidation. In the third season the dip amounts to about 120 


b Cc d 


Fic. 9.—Tools used in turpentine orcharding: a, dipper; b, pusher; c, open puller; d, closed puller; e, 7, hacker (front and rear view). 


barrels and the scrape to about 100 barrels, yielding about 1,100 gallons spirits of turpentine and 
100 barrels of rosin of a more or less dark color, less transparent, and graded as I’, E, and D. 
In the fourth and last year three dippings of a somewhat smaller quantity of soft turpentine 
than that obtained the season before and 100 barrels of scrape are obtained, with a yield scarcely 
realizing 300 gallons of spirits of turpentine and 100 barrels of rosin of lowest quality, classed as 
C,B,and A. After the fourth year the turpentine orchard is generally abandoned. Owing to the 
reduction in quantity and quality of the raw product, it is not considered profitable by the larger 
operators to work the trees for a longer time. It is only in North Carolina that the smaller 
landowners work their trees for ten or more successive seasons, protect the trees against fire, and 
after giving them rest for a series of years, apply new boxes on spaces left between the old chips— 
“reboxing.” 
DISTILLATION. 

The process of distillation is carried on in the ordinary way, and requires care and experience 
to obtain largest quantities of rosin of highest grade and to guard against overheating. After 
heating the still, somewhat above the melting of the crude turpentine, a small stream of tepid 
water from the top of the condenser is conducted into the still and allowed to run until the end 
of the process, A large quantity of water runs over with the spirits of turpentine, which is 
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collected in a barrel, where it separates from the water and is then immediately transferred into 
barrels. After the oil has ceased to run freely the heating of the still and the intlux of water has 
to be carefully regulated. After all the spirits of turpentine has been distilled over, the fire is 
removed and the contents of the still are drawn off by a tap connected with the bottom. This 
residuum, molten rosin, is at first allowed to run through a wire cloth and is immediately strained 
again through coarse cotton cloth or cotton batting, made for the purpose, into a large trough, 
from which it is ladled into barrels. The legal standard weight of the commercial package is 
280 pounds gross. <A turpentine distillery on the basis of twenty crops produces on the average 
during the four years that the boxes are worked 2,400 casks or 120,000 gallons of spirits of 
turpentine and about 12,000 barrels of rosin or 2,800,000 pounds, the lowest grades, B and A, 
excluded, a total value of about $60,000 at average prices. The prices of spirits vary at present 
from 28 to 40 cents a gallon, even through the same season, according to supply and demand in 
the market. The average quotations on December 30, 1892, at Wilmington were 28 cents for 
spirits and $1.91 for a barrel of rosin down to grade C. 


COST OF ESTABLISHING A PLANT AND WORKING THE CROPS. 


Timber lands with the privilege of boxing the timber for a term of four years are rented at the 
rate of $50 per crop of 10,000 boxes, or 200 acres. The establishment of a plant for the working of 
twenty crops, or 4,000 acres of timber land, requires an 
investment of about $5,000, including the buildings, stills, 
machinery for pumping water, tools, and teams. Accord- 
ing to the statements of an experienced operator, the cost 
of working the trees of one crop during the four years, 
which is mostly done by the job—that is, the making and 
cornering of the boxes, inspecting the same, raking 
around the trees, chipping, dipping, scraping, hauling the 
crude turpentine to the still, including cost of barrels for 
spirits of turpentine, and for the rosin and superintending 
the crop—amounts to about $2,500 per crop, or $46,000 for 
the twenty crops. If to this amount the interest, 6 per 
cent per annum, on the capital invested and the deprecia- 
tion in the value of the plant during the four years is 
added, with s me other incidental expenses (taxes, etc.), 
the cost of the production of the 120,000 gallons of spirits 
of turpentine and 12,000 barrels of merchantable rosin’ 
toots up to not less than $50,000. 

A method of improving on the present practice by 
employing an earthen pot instead of the injurious “box” 
has been patented and practically introduced by J. C. 
Schuler, of West Lake, La. The arrangement is repre- ric. 10.—Improved method of turpentine orcharding. 
sented in fig. 10, its main feature being an earthen pot 
which can be moved as the sear is lengthened, thus reducing the distance over which the resin 
has to flow, and with this the amount of volatilization and loss of spirits of turpentine. The 
method resembles that employed in France (see Report of Chief of Forestry, United States 
Department of Agriculture, 1892, page 347), and, though its general application in this country is 
not yet secured, it is certainly a step in the right direction. 

Mr. Schuler admits that the first cost for providing the cups, putting them up, and removing 
them the second season raises the expense of working a crop of 10,000 cups for two seasons to 3460, 
against $190 for cutting 10,000 boxes expended under the old system in working one crop for two 
seasons, all other expenses connected with the work being considered equal. On the other hand, 
Schuler claims that the difference is vastly overbalanced by the increased yield of crude turpentine 
obtained by his cup methods, amounting for one crop worked two years to 195 barrels, at $3.50 per 
barrel; after deducting the extra expense involved by his method, this would leave a net balance 
of $410 per crop in favor of the eup system. He also claims that this amount is still further 
augmented if the larger quantity of spirits of turpentine and the higher quality of resin obtained 
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from the dippings under his system are taken into account. On the first point he says that fully 
one-eighth of the crude turpentine brought to the still from the boxes consists of chips, sand, and 
other foreign matter, contaminations from which the product of the cups is entirely free. On the 
second point he refers to the high grades of rosin resulting from the distillation of the crude 
turpentine from the cups, which almost entirely classes with the highest and higher grades, 


EFFECTS OF THE PRODUCTION OF NAVAL STORES UPON THE TIMBER, THE LIFE OF THE TREE, AND THE CONDITIONS 
OF THE FOREST. 


In the present management of the turpentine orchards in the Southern pine forests a great 
deal of crude turpentine is wasted, much of the valuable spirits of turpentine is lost by volatilization 
in passing over the long chip face on its way to the box, and much of the resin is lowered in its 
grade and value by oxidation consequent to exposure and by admixture of foreign substances— 
bark, coal, dust, ete. 

Concerning the effect of the tapping of the trees upon the timber, there exists no reason on 
physiological or anatomical grounds for considering it injurious, and the opinion held by many, 
that the qualities of timber are impaired by bleeding, finds no support when it is considered that 
the heartwood remains unaffected. The resinous contents of the heartwood being solidified and 
the formation of the resin taking place only in the newly formed wood, the heartwood can not 
participate in the flow of the resin, the discharge being necessarily confined to the sapwood. 
This fact has been fully substantiated by the work of the Division of Forestry, by which it has not 
only been shown that the strength of the heartwood, the most important if not the only part of the 
tree used for lumber, has in no wise been diminished, but also that the durability of the timber, as 
far as it depends upon its resinous contents, can not be impaired by bleeding. It is only in that part 
of the butt log around the chip that the quality of the timber becomes somewhat impaired—the 
wood becoming highly charged with resin is rendered more brittle and harder to work, with a ten- 
dency to gui up the tools. Indirectly, however, a considerable proportion of the boxed timber 
becomes damaged if not utilized shortly after having been bled. It is often left standing for a 
number of years, exposed to various destructive agencies, such as insects and fire, followed by 
parasitic fungoid growth. Large capricorn beetles bore their way through the callus surrounding 
the chip and through and beyond the sapwood. Through the innumerable fissures which are 
caused by fires, air and water charged with the spores of parasitic fungi find entrance to the body 
of the tree, causing disease and decay. The damage from these causes increases every year, so that 
from them alone the timber from a turpentine orchard abandoned for a dozen years was found 
damaged to the extent of fully 20 per cent. Although the loss of its resin by bleeding results 
physiologically in no direct injury to the tree, the wound inflicted by tapping, like any other wound, 
interferes with its healthy growth and, particularly in the case of trees of smaller size, causes their 
early decay. While the exuded resin covering the excoriated surface of the tree acts as an eflicient 
antiseptic, affording a firm protection against the access of the spores of fungi, it endangers the 
life of the tree, if exposed to fire, by its greater inflammability, the heat produced by its flame 
being capable of killing the trees outright. Under the crude and inconsiderate manner of cutting 
the boxes, all of the trees of smaller size and many of the larger trees are blown down, and a 
considerable number of those remaining with their excoriated surfaces out of proportion to the 
recuperative power of the trees are doomed to perish sooner or later in consequence of such 
treatment. 

These injuries inflicted upon the individual trees, in connection with the fires started with the 
opening of the season one year after another, cause such damage to the forests as to effect finally 
their total destruction. Fire being allowed to sweep over large areas, its force increased in the 
turpentine orchards by the exposed resinous surfaces of the trees, and by trees blown down and 
the débris covering the ground, an immense amount of timber is destroyed. Trees which have not 
been killed outright by the fire, or have altogether escaped the danger, are doomed to speedy 
destruction by bark beetles and pine borers, which find a breeding place in the living trees 
prostrated by the winds during the summer, the broods of which rapidly infest the standing trees, 
which invariably succumb to the pest the same season. In consequence, the forests invaded by 
turpentine orcharding present, in five or six years after they have been abandoned, a picture of 
rnin and desolation painful to behold, and in view of the destruction ef the seedlings and the 
younger growth all hope of the restoration of these magnificent forests is excluded. 
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PLATE IX. 


CUBAN PINE FLATWOODS OF FLORIDA. 


THE CUBAN PINE. 


(PINUS HETEROPHYLLA (ELL.) Sudw.) 


GEOGRAPHIGAL DISTRIBUTION. 

PRODUCTS. 

CLASSIFICATION AND NOMENCLATURE. 
DESCRIPTION AND MORPHOLOGICAL CHARACTERS. 
PROGRESS OF DEVELOPMENT. 

REQUIREMENTS FOR DEVELOPMENT. 


THE CUBAN PINE: 


(Pinus heterophylla (Ell.) Sudw.) 


Synonyms: Pinus tada var. heterophylla Elliott, Sk. ii, 636 (1824). 
Pinus cubensis Grisebach in Mem. Am. Acad., viii, pt. 2, 530 (1863), not Hort. ex Gord. (1858). 
Pinus cubensis var. terthrocarpa Wright in Grisebach, Cat. Pl. Cuben., 217 (1866). 
Pinus elliottii Engelmann ex Vassey, Cat. Forest Trees, 30; in Rep. Com. Ag. 1875, 178 (1876). 
Pinus elliottii Engelmann in Trans. St. Lonis Aead., iv, 186, t. 1, 2,3 (1879). 
Pinus heterophylla (Ell.) Sudworth in Bull. Torr. Bot. Cl. XX, 45 (1893). 


COMMON OR LOCAL NAMES. 


Slash Pine (Ala., Miss., Ga., Fla.). . Pitch Pine (Fla.). 
Swamp Pine (Fla., Miss., Ala.), in part. She Pitch Pine (Ga.). 
jastard Pine (Ala. lumbermen, Fla.). She Pine (Ga. and Fla.). 

Meadow Pine (Cal., Fla., &. Miss.), in part. Spruce Pine (So. Ala.). 
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THE CUBAN PINE. 


By CuarLes Mone, Ph, D. 


INTRODUCTORY. 


Confined within narrow limits along the coast of the extreme Southern States east of the 
Mississippi River, little known and mostly confounded with its allied species, the value of the Cuban 
Pine has been searcely recognized. <A closer investigation of the properties of its wood, of its life 
history, and of the part it plays among the forest growth soon discloses its economic importance. 
Convinced that to meet proper appreciation the merits possessed by this pine need only to be 
made more generally known, their consideration in this place among the biological investigations 
of the more important timber trees of the coniferous order will explain itself. 

This tree was not known to the earlier American botanists. Elliott first! took notice of it as 
a distinct form, and he regarded it as a variety of the Loblolly Pine. It remained still practically 
unknown as a separate species for another half century, until near the beginning of the past 
decade, when it was again brought to notice of botanists by Dr. Millishamp, of Bluffton, 8. C.; 
Dr. Engelmann exhibited clearly its specitic characters, and for the first time directed attention 
to the economic value of this pine by discussing the development of the tree and the qualities of 
its timber. On account of the coarser grain of its wood and the large amount of sapwood, this 
timber was held to be of little value, and the tree received little or no attention by the lumberman. 
It is only very lately, especially since kiln-drying has become more general, that its value is being 
recognized and appreciated, and under the name of ‘Slash Pine” it is cut and sold without 
discrimination with the Longleaf Pine, with which it is usually associated. 


GEOGRAPHICAL DISTRIBUTION. 


The Cuban Pine is a tree of the coast region in the subtropical region of North America east of 
the Mississippi River, and also of the neighboring tropics, being found in Honduras and Cuba 
(see Pl. III). In the United States the tree is confined to the eastern belt of the Austro-riparian 
or Louisianian life zone of American biologists, from 53° north latitude in South Carolina along 
the coast to the extremity of the peninsula of Florida. Toward the west the tree extends 
along the coast of the Gulf, to the Pearl River Valley. It is principally restricted to the coast 
plain, but on the Gulf Coast and along the water courses it extends inland to a distance of fully 
60 miles from the sea. On the Atlantic Coast it penetrates the interior nearly to the limit of the 
coast pine belt, as has been observed in Georgia in the valley of the Ocmulgee River, over 100 
miles distant from tide water. Groves of the Cuban pine skirt the low shores of the numerous 
inlets and estuaries of these coasts, and cover the outlying islands. More or less associated with 
the Loblolly and the Longleaf Pine, it forms a part of the timber growth of the open pine forests 
which in unbreken monotony cover the flats for long distances. It is only in the lower part of 
Florida, where the tree extends from the Atlantie across to the Gulf of Mexico, south of Cape 
Canaveral and Biscayne Bay, that, as the only pine there, the Cuban pine forms forests by itself. 
Toward the interior it occurs scattered among the varied growth of broad-leafed evergreens and 
cone-bearing trees which cover the swamps along the streams. Since it is invariably eut and sold 


' Elliott, sketch 2, page 263. 
2Engelmann; Revision of the genus Pinus and description of Pinus elliottii. Transactions St, Louis Acad. Sci., 


vol, 4, 1880, 
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without distinction, no figures can be given of its annual consumption, nor is it possible to form 
even an approximate estimate of the standing supplies... The old timber goes, of course, as fast 
as that of the Longleaf Pine, but in its reproduction it outstrips the latter. Wherever in the 
coast plain the original growth of the Longleaf Pine has been removed, the Cuban Pine takes, in a 
great measure, possession of the ground, in some localities associated with the Loblolly Pine. 
Young forests in every stage of growth are seen covering tracts of greater or lesser extent, 
promising important supplies of resinous products, timber, and fuel. 


PRODUCTS, 


As a timber tree the Cuban Pine is little inferior to the Longleaf Pine. It furnishes sticks of 
large dimensions free from blemish, rivaling in that respect that superior variety of the Loblolly 
Pine called Rosemary Pine, and there is no doubt that it was often confounded with this tree in 
the shipments of masts and long spars made in former years from the southern Atlantic and eastern 
Gulf ports. In the lumber mills on the Atlantic Coast the timber of this tree is indiscriminately 
sawn and shipped with that of the Longleaf Pine. 

It remains yet to be proved whether the coarser structure of the wood of the Cuban Pine 
would render it less durable. It is certain, however, that this very cause, which might interfere 
with its resistance to atmospheric influences or to contact with the soil, will be found an advantage 
if the preservation of the timber is to be secured by its impregnation with antiseptic solutions, 
more open structure permitting readier infiltration. 

Resinous products.—This pine abounds in resinous matter. The oleoresin, resin, or crude 
turpentine, when freshly exuded, is perfectly limpid, of honey-yellow color, less. viscid than the 
resinous product of the Longleaf Pine, and to all appearances richer in volatile oil or spirits of 
turpentine, judging by the smaller amount of hard gum or scrape formed on the tree. A sample of 
the dip of the first year from South Carolina was to all appearance exposed for a short time in the 
box to atmospherie influences. Examined by Prof. E. Kremers, University of Wisconsin, the resin 
showed an emulsion-like appearance and separated upon standing into heavier granules and into a 
lighter, transparent, yellowish liquid. Its specific gravity at 20° C. was found 1.0253, D=32,.423° 
(determined in 16.26 per cent alcoholic solution). Distilled with water, the sample yielded 16 per 
cent of oil of the specific gravity 0.865 (20° C.). D=9.620. 

In view of the rapid destruction of the forests of Longleaf Pine, the principal source of resin, 
the future importance of the Cuban Pine in the production of naval stores becomes at once 
apparent, especially when it is considered that it reproduces itself so much more readily. Even 
now, on the coast of South Carolina and Georgia, a large proportion of resinous products is derived 
from the young growth of this pine, which, after the removal of the original timber growth, took 
possession of the ground. It is claimed by the turpentine gatherers in these States that at an age 
of from thirty to forty years the trees are sufficiently large for tapping with advantage, and that 
protected against fire a spontaneous renewal takes place, and after a period of forty years the new 
crop is ready for profitable exploitation. 

In Washington County, Ala., on the more or Jess extensive flats that intervene between the 
low ridges covered with Longleaf Pine, the Cuban Pine furnishes considerable supplies of crude 
turpentine of superior quality. In this section the tree is known under the name of Spruce Pine, 
a misnomer, leading to its confusion with an entirely different tree, the true Southern Spruce Pine 
(Pinus glabra). 

OLASSIFICATION AND NOMENCLATURE. 


Pinus heterophylla is closely allied to the Longleaf Pine, forming with this and two other species 
inhabiting the nearest tropical regions—Cuba and Mexico—under the subgenus pinaster, a natural 
group of trees with heavy resinous wood, rigid long leaves from two to five in a sheath, and 
subterminal or lateral, horizontal or reflexed cones, designated by Englemann as the group of the 
Euaustrales, or longleaf pines. First distinguished by Elliott as Pinus taeda var. heterophylla and 
remaining subsequently unknown for more than fifty years, the specific characters of this pine were 
first recognized and fully described by Dr. Engelmann, who in honor of its discoverer distinguished 
the tree under the name of Pinus elliottii, tinding himself soon afterwards convinced of the identity 


BOTANICAL DESCRIPTION 


CUBAN PINE. fig 


of his species with Pinus cubensis of Grisebach. Recently these various forms were found to be 
the same as Elliott’s, to which they have been referred with his varietal name heterophylla raised 
to specific rank. The tree is little known among the inhabitants of the region of its growth; it is 
generally regarded as a mere variety or bastard form of the Longleaf or the Loblolly Pine. In 
Florida, where best known, it is distinguished as the Slash Pine, or Swamp Pine; and in the flat 
woods along the seashore in Alabama and Mississippi as Meadow Pine. In a few localities in 
Alabama it is generally called Spruce Pine. 


DESCRIPTION AND MORPHOLOGICAL CHARACTERS. 


The leaves, two or three in a bundle, are surrounded by a smooth sheath from one-half to 
nearly an inch in length, which, close and smooth during the first season, become loose and 
shriveled in the second year (Pl. X, d). The leaves are from § to 12, mostly 9 inches in length 
and three-fourths of a line wide, glossy, of a deep-green color and closely serrulate with a short, 
rigid point, rounded on the back, the binary leaves deeply concave and the ternate bluntly keeled. 
They arise from the axils of fringed deciduous bracts, are densely crowded toward the end of the 
branches, and are shed by the close of the second seasou. Bundles with two leaves are most 
frequently observed in younger trees and almost invariably on the fertile branchlets. 

The resin ducts are internal, variable in size, and in number from four to six and over, close to 
the thin-walled bundle sheaths, which inclose two closely approximate fibrovascular bundles, often 
coalescing. The fibrovascular region, like the ducts, shows no hypodermal or strengthening cells. 
The hypodermal cells underlying the epidermis are as large as the epidermal cells, in the angles 
of one or several layers. 

Flowers.—The catkin-like male flowers (Pl. X, a,b), from 15 to 2 inches long, are of dark 
purple (royal purple) color, supported on a short stalk and surrounded by about a dozen involucral 
coriaceous bracts, of which the lowest pair is strongly keeled (Pl. X, ), slightly magnified), the 
others being oblong with fringed edges. From ten to twenty of these cylindrical flowers are crowded 
in dense clusters below the apex of the youngest shoots, and are shed almost immediately after the 
discharge of their abundant pollen. The anthers are crowned with a purplish crescent-shaped 
denticulate crest. The female flowers form an oval, pink-colored ament borne on a stalk, from one- 
half to 1 inch in length, which singly, more frequently several in number, are produced close to 
the terminal bud of the shoot of the season (Pl. X, d). First erect, they are, at the lapse of a 
month, horizontally reflected, the shoot bearing them increasing rapidly in length during the same 
time, long before the unfolding of its leaf buds. The involueral scales or bracts which surround 
the female catkin are more numerous, narrower, longer, and more membranaceous than those form- 
jng the involuera of the male flowers. The carpellary scales are round with a slender, erect tip, 
their lower half covered by the broad retuse bract. 

A tree discovered by Dr. Mellichamps near Bluffton, 8. C., showed the remarkable anomaly 
of producing androgynous flowers regularly every season. In most of the specimens examined 
every one of the male flowers clustering around the base of the terminal bud of the very young 
shoot had the upper part of the floral axis covered with female flowers, appearing like a distinet 
inflorescence superimposed upon the staminodial column, occupying generally one-third of its 
height. In one of the flowers they were seen to extend near to its base. In a single instance it 
was observed that the female flowers extendec on one side of the staminodial column in a narrow 
streak among the stamens. 

In a specimen from the same locality the terminal shoot of the season, exceeding in length the 
male flowers by which its base was surrounded, was bearing a normal subterminal female ament. 
The short-stalked cones are ovate or conical, rather obtuse, horizontally reflexed, from 4 to 5 inches 
long, about 24 inches greatest width, of glossy leather-brown or hazel color (Pl. XI, @ and 5); 
scales about 2 inches long averaging five-eighths of an inch in width, somewhat flexible, the 
prominent ridge of the pyramidal striated umbo with a short, mostly straight, strong prickle 
(Pl. X[,c and d). By the end of the first season the conelets are scarcely an inch long (Pl. X, d). 
Before the close of the summer of the succeeding year, the cones have reached their full size, 
maturing during the month of October. In the ripe cones, already described, the apophyses of 
the scales in the lower rows are almost pointless, becoming on the upper strongly mucronate, 
The cones remain on the tree until the approach of the next summer, leaving on their separation 
the lowest rows of the scales behind. 


EXPLANATION OF PLATE X. 
_ Figures natural size, except where otherwise noted.) 


Fig. a, branch with young shoot of the season bearing a cluster of male flowers; b, male flower detached 
showing basal involueral bracts, magnified three diameters; c, branch bearing three subterminal female flowers; 
d, d, characteristically reflexed immature cones of one season’s growth. 
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The triangular black roughish seeds 24 to a little over 3 lines long, with a few faint ridges; 
the brown, obtuse, and somewhat oblique wing (P1. XI, e, f, g) about 1 inch in length is deciduous 
in germination. This species at all stages of growth can be distinguished from the Loblolly Pine 
by the deep-green foliage, the glaucous hue of the young, tender shoots, and varying number of 
leaves in a bundle—from the Longleaf Pine by the thinner, almost smooth, terminal buds, and in 
the adult state, from both of these species, with which it is found frequently associated, by its 
cones. 


THE WOOD, 


As in the Loblolly, the sapwood is wide in the young trees, measuring usually about 4 inches 
and forming in thrifty trees fifty to seventy years old about 80 per cent of the total volume. As 
the trees grow older, however, this preponderance of sapwood ceases, and in trees one hundred 
and fifty to two hundred years old only 35 to 50 per cent of the total volume of the trunk was found 
to be composed of sapwood. As in the case of the pines already mentioned, the change from sap- 
wood to heartwood begins when the tree (or disk) is about twenty-five to thirty years old, and the 
process is retarded as the tree (or disk) grows older, so that when any one disk is sixty years old 
the sapwood contains about forty rings, and reaches eighty rings or more by the time the tree (or 
disk) is two hundred years of age. As a consequence the sapwood of the disks of the main part 
of the trunk in old trees is formed of nearly the same number of rings, and only near the top a 
marked diminution appears, while in a tree sixty years old the sapwood of the stump may have 
forty rings and that of a disk 40 feet from the ground only twenty-fiverings. As in other pines, 
the width of the sapwood is quite variable and is always greatest in young and thrifty trees. 

When green the wood of this species is too heavy to float well; its weight varies chiefly with 
the amount of sapwood, and is therefore greatest in sapling timber. The sapwood itself is 
frequently heavier than water, and where the water in the sapwood and a large amount of 
resin in the heartwood combine, the weight of the entire disk frequently approaches 60 pounds to 
the cubic foot. 

Kiln-dried, the wood of trees one hundred to one hundred and fifty years old was found on an 
average to weigh about 59 pounds per cubic foot, thus excelling in weight even the valuable Long- 
leaf Pine. The wood of very young trees is decidedly lighter, as is also that of very old trees, 
the heaviest wood being formed during the age of thriftiest growth or between the twentieth and 
eightieth year. The presence of resin in the heartwood, as conspicuous in this species as in Long- 
leaf Pine, materially adds to the weight of the wood, so that the heartwood of old trees is inyari- 
ably heavier than the same wood had been while in a sapwood condition. As in other pines, the 
butt is heaviest and the toplog lightest; thus in trees over one hundred and fifty years of age the 
wood at the butt weighs 44 pounds per cubic foot, 37 pounds at 38 feet, and only 32 pounds at 60 
feet from the stump, a difference amounting to over 25 percent. This difference is greatest in the 
young sapling and is remarkably uniform for all adult trees examined. 

In strength, as in weight, the wood of Cuban Pine excels. The following figures represent the 
general average of a long series of experiments on wood especially collected : 


Lbs. per sq. inch. 


Modnlosvof elasticity. .-<snsecece scr ececes ees Sem cecnesiose one 2, 300, 000 
PETaTISVOESG 8 GREN Ulete les tetera ete neti ee aie ate alee ia ee 11, 900 
Compressiongend wikeess=eess-eenease sea aeecl= aes eeaae some ieee 7, 850 
STEPS =o eo55 pedoneccingn cee coe eoSn ee cueces HedocoeccEesecsE sae 680 
UNSEEN OST Bec e ROeaHS COOeSHOnSH =e mearIcsaG penEne conendissoconreoc—s 14, 300 


The average weight of the pieces tested was 49 pounds per cubic foot, the outer lighter part 
of the old trees having largely been cut away in shaping the pieces, so that only heavy wood had 
been tested. The above figures require, therefore, a reduction of about 20 per cent to represent 
the true average strength of all the wood of entire trees. 

The amount of water contained in the fresh wood depends on the proportion of sapwood. In 
this latter it forms about 60 per cent of the weight of fresh wood; in the heartwood only about 20 
per cent. Accordingly, fresh logs of sapling timber seventy years old have about 45 per cent, logs 
of trees over one hundred and fifty years old only about 30 per cent of water. The wood dries 
easily and without great injury, even if seasoned in the dry kiln. 


EXPLANATION OF PLATE XI 


Fig. a, section of a branch bearing a mature closed cone (October); 6, mature open cone after shedding seed ; 
¢, ¢, ¢, tips of cone scales showing variation in form of apopbysis and stout prickle; d, cone scale, outer or dorsal side; 
e, inner or ventral side of cone scale with seed in place; f, seed with wing detached; g, seed and wing intact. 
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The shrinkage during drying is very considerable for sapwood, and therefore all young timber, 
but is not as great for old timber as might be expected on account of the great weight of the 
wood. Young timber shrinks from 12 to 13 per cent of its volume, the wood of old trees (over one 
hundred and fifty years) only about 11 per cent, and in all trees the amount of shrinkage is 
greatest in the heaviest disk of the butt and decreases upward very much in proportion of the 
decrease in weight. 

In its structure the wood resembles that of the Loblolly in every respect. Summerwood 
and springwood are sharply defined, giving rise to alternating bands of light-colored, soft and 
dark-colored hard bands of wood conspicuous in every section. For details of structure see the 
comparative study by Mr. Roth appended to these monographs. 


PROGRESS OF DEVELOPMENT. 


This is the earliest flowering of the Southern pines, ‘The buds of the male flowers make their 
appearance in the early part of December, and the flowers open during the last days of January 
and during the first week of February. This species produces abundant crops of cones every year, 
almost without failure; they ripen in the fall of the second year; the seeds are discharged through 
the winter of the second year until spring. Germinativg easily, their seedlings are found to come 
up copiously from early in the spring to the beginning of the summer in old fields and on every 
opening in the vicinity of the parent trees, wherever the rays of the sun reach the ground. The 
plantlets bear six to seven seed-leaves (cotyledons). As soon as these have fairly expanded the 
terminal bud develops rapidly, and the first interno 'e of the stem, increasing quickly in length, is 
densely covered with the soft, narrow, linear, pointed, primary leaves, which are fully an inch long. 
Before the end of the second month, in the axils of some of the leaves, the undeveloped branchlets, 
bearing the fascicle of the foliage leaves, make their appearance. With the further development 
of the foliage leaves, increasing in number during the growing season, the primary leaves wither 
away. By the close of the first season the plantlets are from 8 to 9 inches high, with a very 
slender taproot and many lateral rootlets near its upper end. After the beginning of the second 
season but few of the primary leaves are found to support the buds of the foliage leaves. The 
tendency to the production of secondary axes becomes manifest by the appearance of a single 
branchlet; on having reached the end of their second year the plants are from 12 to 15 inches high, 
with a taproot not more than 4 inches long; at the end of their third year they average little less 
than 2 feet in height, with the taproot 6 inches long—the laterals being much longer. The crown 
trom this period develops in regular whorls for a long succession of years. 

The Cuban Pine, in its rate of growth and when fully grown, exceeds in its dimensions the 
Longleaf Pine. The taproot, less powerful than in its allies, is assisted by mighty lateral roots 
running near the surface of the ground to support the tall, sturdy trunk, rising to a height of 110 
or 115 feet, with a diameter of 24, not unfrequently exceeding 3, feet, clear of limbs for a height of 
from 60 to 70 feet above the ground. The heavy limbs are horizontally spreading, from 22 to 24 
feet at their greatest length, somewhat irregularly disposed; they form in the trees of full growth 
a rather dense crown of rounded outline. Trees of the dimensions mentioned, having passed the 
fullness of their growth, are found to be from one hundred to one hundred and forty years old, 
according to the surrounding conditions. The thick bark is of a clear, reddish color, laminated, 
and exfoliating in thin, broad, purplish flakes. 

Seedlings of the Longleaf Pine, which those of the Cuban Pine somewhat resemble, can be 
readily distinguished at this period by the disproportion of height and diameter and absence of 
branch growth in the former. The rate of growth differs, of course, according to the conditions 
of soil and exposure. 

Saplings showing five rings of annual growth were found from 45 to nearly 6 feet in height, 
with a diameter of from three-fourths to seven-eighths of an inch; between the age of from ten 
to twelve -years the trees measure from 10 to 18 feet in height, with the stem clear for over half 
its length—even when grown in the open—and from 2 up to 4 inches in diameter. From this 
stage on the rate of growth proceeds most rapidly. At eighteen and twenty years heights of 40 
to 50 feet and over, and diameters from 9 to 10 inches across the stump, cut close to the ground, 
are attained. 
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The trees of the extensive groves of Cuban Pine in the vicinity of Mobile upon the loamy 
lands of the coast plain, which have sprung up since 1864, when these lands were completely 
stripped of all arboreal growth, average at present between 50 and 60 feet in height by a diameter 
of from 14 to 16 inches breast high. Trees of second growth, forming open groves on lands of 
similar character, and also more or less deficient in drainage, forty-five to sixty-five years old, 
measure from 65 to 85 feet in height and from 15 to 20 inches in diameter breast high. 

At the edge of a heavily wooded swamp, in a perpetually wet, sandy, and mucky soil and 
skirted by large Longleaf Pines occupying the steep slope rising from the bottom, a tree measur 
ing 114 feet in height, with a diameter of 24 inches breast high, the trunk clear of limbs for a 
length of fully 60 feet, showed one hundred and thirty-five rings of annual growth. Another 
tree felled deeper in the same swamp, of lank growth, with a poorly developed crown, rising to 
a height of 88 feet and towering above the dense growth of black gums, swamp maples, and white 
bays, was found to measure only 154 inches in diameter, with almost the same number of annual 
rings. Trees of second growth which have sprung up in clearings with a drier surface soil under- 
laid by a clayey substratum, with free exposure to sunlight and air, reach in little over half the 
time the full size of those produced in the forest-coyered swamps. 


TaBLe I.—Growth of Cuban Pine during first stages of life, from four to twenty years. 


Ri | Diameter. | Height. | 
ings ates | |e 5 
No. of tree in | ima Locality. Remarks. 
Breast Across) », | Lofiratl po . 
stump. high. | stump. | Lotal. | limb. | Crown. 
Inches. | Inches Feet. | Feet. | 
40 al ee d == “ 
5 13 |... - Nos. 1 to 5, near Whistler, Ala. 
5 uu Wet, sandy, flat soil very poor; open thickets in 
| | the clearing of the forest. 
6 ng tse Bee 
8) ig |-----5-- | 
9 2 | 23 stler, Ala Exposnre partially free; suppressed soil; slushy. 
9 2 22 | 19 10 9 | Ridgeland, 5. C..-.-. | Old field; soil fresh; from midst of dense grove. 
I) posga =F mnoowiss | 18 | 8 the eee hee otecnec totes | 
10 rh BS ease | 18 7) 11 | Whistler, Ala .....- Open edge of swamp, somewhat suppressed. 
11 | 3} PE Ne oT 13 | CH ee ae fi (eee ee Partially free; edge of swamp. 
ll 4 44 | 28 | 14 | 14 | Ridgeland, S.C ...-- Open grove of saplings; soil fresh; old field. 
12 Gy 4 | Paste see OT Peete eee en Mobile, Ala......... Grove of young trees; crown covered partially by 
| | large pines; soil conditions, best. 
13 | 6) | -ss25~2. 29 13 16 Ridgeland, $.C...-. 
4 4 4h VPN Boseon eres) pee O0\eeesene eee ae Old field. 
15) ey ened ! BY fae ee eee ene ace Mobile, Ala......... Midst of dense thicket; in the shade; suppressed: 
| | | soil conditions, best. 
Se s05 cacccccce 15 | a eeesoees CU Rennes Me arate meee Jere on (it Se Sse Do. 
262. 16 | 6 7 36 | 18 26 | Ridgeland, S.C..... Exposure free; old field; soil black, mucky. 
9... 16 | () | paacsee: 46 27 19 | Mobile, Ala......... In the shade of large pines. 
10.. 17 do. 
232... 17 | Swamp soil; slushy; suppressed. 
231... 18 | Exposure free; soil fresh, good. 
ese 18 | Under cover of large pines; soil conditions, good. 
12... 18 Do. 
IB ecacucveves= 21 Free exposure. 
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TABLE II.—Growth of Cuban Pine during middle and last stages of life, from forly to one hundred and forty-five years. 


Diameter. Height. 
Rings 
No. of tree. in Brednell Across leBelow Total engi Length Locality. Remarks. 
stump high. | stump. | crown. Mean. height. | crown, | of 
clear. | CTOWn- 
t | 
Inches. | Inches. Inches. | Inches. | Feet. Feet. | Feet. 
1 PARR RCOERCe 40 2 Beoosued Joseossed||==deonss 60 39 | 24 | Mobile, Ala....... Midst of grove, crowded; damp, sandy 
| loam; clay subsoil; surface flat. 
Cd neaneere 43 Tee ose non pSing= 64 Sec aAae 66 34 32 | Ridgeland, S.C ...| Exposure free; edge of swamp; soil per- 
| vetually damp. 
230) sinew = =i 51 ie agence sel ee nonad eebonann 87 HN | segscoce Whistler, Ala..... Bdge swamp; soil fresh todamp; growth 
| lank; sap, 5 inches. 
Wee scr 52 7 1176 Rem Se er eraeser el | 83 50 | 36 | Mobile, Ala.....-. Edge of grove. 
Boe eee. 55 jc. 0) Seen ee ee hen 74 CE rece Stockton, Baldwin) Exposure free; springy hillside; soil 
County, Ala. coarse, sandy, and gravelly. 
82 50 32 | Mobile, Ala-...... | ML in free; open grove. 
7 | do. 
90 Low pine flat, open; soil moist and black, 
sour. 
83 .-, Exposure free; soil moist and black, sour. 
85, ..| Springhill edge of swamp; damp, sandy. 
98 Exposure free; near border of swamp; 
pine flat, badly drained. 
90 60 SU) hessoossocaséecences Springhill rich hummock, perpetually 
damp; magnolia, red bay, spruce gum; 
Census 1880. 
113 71 42 | Whistler, Ala..-.. Exposure free; edge of swamp; soil fresh; 
stick perfectly clear for 52 feet; sap, 24 
inches. 
130 78 52) faaaen (UE RR nee Timber perfect for 60 feet. 
118 60 {nel eee G0) sesestccasse Exposure free; somewhat suppressed by 
longleaf pine; edge of swamp. 
104 80 bE Se OO?-Gn acts seo e Exposure free; lank, tall; red heart above 
54 feet. 
119 18) Sconce 6 sony cee dsose Base of hili; a fine-looking tree; timber 
clear for 50 feet. 
116 (BN Rasen se een (We ennccencees Swamp always slushy; free from knots 
| _ for over 65 feet. 
67 Pt Pee eel eRe do .....-...--.| Of suppressed growth; in middle of 
| swamp; soil pure sand, mostly covered 
| with water. 


From Table III the rapid growth of this species is quite apparent. 


It will be observed that 


good trees are about 20 feet high at ten, 45 feet at twenty, and over 80 feet high at fifty years 
of age, when the rapid rate of upward growth comes to a stop. It appears, also, that the greatest 
mass of wood for any decade is found at the early age of fifty, the growth in volume being nearly 
15 cubic feet for these ten years, and that at ninety the growth in volume is only about two-thirds 
of the maximum; that at one hundred years the average annual growth nearly equals the current 
growth, thus indicating that the age of proper exploitation has been reached, i. e., that now the 
tree is ripe for the ax, as far as profitable growth, represented in volume accretion, is concerned. 


TaBLeE III.—Growth of Cuban Pine. 


Length Volume. Periodical growth for each decade. 
Diameter| ° log 7] | 
. with . | Average C t 
Age. with bark) 4 er Height Log up to . Area of | annual _- aren 
3 area aeercon of tree, Tree. 5 jae Decade. Dian \Height.. cross Volume. accretion. accretion. 
igh) of 5 = diameter. | section. | 
inches. 
| 
Inches Feet Feet. | Cubic feet. | Cubic feet. Inches.) Feet. | Sq. feet. | Cubic feet. |Oub. feet. Cub. feet. 
CAE) peer mes 20 D0 esses ena First wssaseeesess.e. 2.1 20 0. 02 0.50 0.05 0.05 
5.9 5 45 4.24 2.44 | Second... 2.6 25 .10 3.74 - 21 | .37 
9.3 24 66 14.95 13.06 | Third... --- 3.0 21 - 20 10.71 .50 | 1.07 
12.3 40 75 29.70 29.23 | Fourth 2.6 9 | 26 14.75 -74 1.47 
14.8 50 83 47.01 45.53 | Fifth ..-- 2.5 8 | -3l 17.31 - 94 1,73 
16.0 60 89 59. 65 58.35 | Sixth ..-- 1.2 6 | -18 | 12. 64 .99 1.26 
17.6 69 93 72, 25 71.17 | Seventh . tee 4] 19 12. 60 1.03 1.26 
18.8 76 96 84. 05 83.15 | Eighth -. 1.2 3 | -21 11.80 1.05 1.18 
20.0 83 99 95, 03 94.31 | Ninth -.- 1.2 3 22 10. 98 1.05 1.10 
21.4 90 101 105, 97 105.48 | Tenth -.. 1.0 2 .20 10. 94 1.06 1.09 
22.4 96 103 115. 58 115. 27 | Eleventh 1.0 2 20 9. 61 1.05 - 96 
23.4 100 105 125, 18 124,96 | Twelfth ............ 1.0 2 25 | 9. 60 1.04 -96 
| 


84 TIMBER PINES OF THE SOUTHERN UNITED STATES. 


REQUIREMENTS FOR DEVELOPMENT. 


Soil.—For its best development the Cuban Pine requires a light, sandy, but constantly damp 
soil, which is attained where the sandy surface is underlaid by a loamy subsoil retentive of 
moisture but sufliciently loose to give the roots unhindered access. Such conditions are found on 
the lands rising above the perpetually wet swamps. On the flats, with a soil of fine, compact 
sand, devoid of all drainage and underlaid by a hardpan, where nothing but the Saw Palmetto 
appears to thrive, the tree remains of low, stunted growth, scarcely ever reaching medium size. 
In the depth of the swamp, with the soil wet and slushy throughout the year, where the tree is 
commonly met with, closely surrounded by White Bay, Red Bay, Black Gum, Titi, and White 
Cedar towering high above it, it is of slow growth and frequently affected by red heart or red rot, 
particularly near its northern limit. It is never found in alluvial bottoms, and eschews the dry, 
pine-barren hills, requiring a moderate but sure and even supply of soil moisture. 

Climate—The range of its distribution coincides with the area of greatest rainfall in the 
Southern States, which, evenly distributed through all seasons, amounts for the year, in the mean, 
to 60 and 64 inches. : 

The Cuban Pine demands a warm climate, free from excesses in the range of temperature, as 
is afforded by the vicinity of the sea. It is found in greatest abundance and most perfect within 
the isothermal lines of 64° and 68° F., with a minimum of but a few degrees below the freezing 
point. The tree, as observed at Mobile, has escaped uninjured the severe and unprecedented 
long spell of ice and snow during the latter part of January and first week of February, 1895, 
when the thermometer fell as low as 11° F., the flowers unfolding unimpaired by frost during the 
succeeding first days of milder weather. 

In its dependence on light it is less exacting than either the Longleaf Pine or the Loblolly 
Pine. It appears to thrive, from the earliest stage of its deveiopment, as well when partially 
shaded as in the open, in this respect resembling the Southern Spruce Pine. It is due to these 
facts, combined with the rapid progress of its growth from the earliest stage, that the Cuban 
Pine is gaining the upper hand over the offspring of the light-requiring Longleaf Pine, which, on 
the damp soil of the coast plain, is soon outstripped and finally almost completely suppressed by 
the seedlings of this tree. 

In the inherent capacity for natural reproduction, or in the advantages for the renewal of its 
forests by man, the Cuban Pine is not surpassed by any other of the species with which it is found 
associated. This tree commends itself strongly to the tree planter in the coast plain of the lower 
South. Producing seeds in abundance regularly and with certainty, being less exacting in its 
demands for direct sunlight, and hence successfully resisting the encroachment of competing 
species, being less liable to suecumb to the destructive agencies of fire on account of its more 
rapid development in early life, it has greater promise of success than the others. If to this is 
added the rapid rate of growth, the great value of its timber, being equal to the Longleaf, if not 
superior, and the abundant yield of its valuable resinous product, it becomes evident that in the 
reforestation of the low pine lands of the Southern coast region the Cuban pine is to be preferred 
to any other, not only within its original boundaries, but as far beyond its range of natural 
distribution as the climatic requirements of the tree will permit. 
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SHORTLEAF PINE (PINUS ECHINATA), FOREST-GROWN SPECIMENS IN MISSOURI. 


ie SHORTLEAF’ PINE. 


(PINUS ECHINATA Miller.) 


Economic History AND DISTRIBUTION. 
BOTANICAL DESCRIPTION. 

DESCRIPTION OF Woop. 

PROGRESS OF DEVELOPMENT. 
CONDITIONS OF DEVELOPMENT. 

ForEST MANAGEMENT. 


THE SHORTLEAE PINE: 


(Pinus echinata Miller.) 


Synonyms: Pinus echinata Miller, Gard. Dict., ed. 8, No. 12 (1768). 
Pinus virginiana yar. echinata Du Roi, Harbk., ii, 38 (1772). 
Pinus tada y variabilis Aiton, Hort. Kew., ed. 1, iii, 368 (1789). 
Pinus mitis Michaux, F1. Bor. Am., ii, 204 (1803). 
Pinus variabilis Lambert, Pinus, ed. 1, i, 22, t. 15 (1803). 
Pinus royleana Jamieson ex Lindley, in Journ. Hort. Soc., ix, 52 (1855). 
Pinus intermedia Fischer ex Gordon, Pinetum, ed. 1, 170 (1858), not Du Roi (1772). 
Pinus rigida Porcher, Resources §. States, 504 (1863), not Miller (1768). 
Pinus lutea Loddiges ex Gordon, Pinetum, ed. 1, 170 (1858), not Walter (1788). 
Pinus roylei Lindley ex Gord., 1. ¢. 


COMMON OR LOCAL NAMES. 


Yellow Pine (N. Y., N.J., Pa., Del., Va., N. C., Ala., Miss., Shortleaved Yellow Pine. 
La., Ark., Mo., Ill., Ind., Kans. (scarce), Ohio). Yellow Pine (N. C., Va.; Eng. lit.) 
Shortleaved Pine (N.C., 8. C., Ga., Ala., Miss., Fla., La., Virginia Yellow Pine (Va.) in part. 
Tex., Ark.). North Carolina Yellow Pine (N. C., Va.) in part. 
Spruce Pine (Del., Miss., Ark.). North Carolina Pine (N. C., Va.) in part. 
Bull Pine (Va.). Carolina Pine (N. C., Va.) in part. 
Short Schat Pine (Del.). Slash Pine (N. C., Va.) in part. 
Pitch Pine (Mo.). Oldfield Pine (Ala., Miss.). 


Poor Pine (Vla.). 
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PAE SE ORTLEAF PINE. 


By Cuartes Mour, Ph. D. 


INTRODUCTORY. 


Among the timber trees of the Atlantic forest region the Shortleaf Pine ranks with the first 
of those noted for their economic importance. Equally abundant, distributed over a wider area, 
and in the quality of its wood but little inferior, it takes its place next to the Longleaf Pine. 
When maintenance of forest and production of timber under a rational system of forestry is 
to become the rule, this species above all others of southerly distribution will claim attention, 
for it ean be safely asserted that of the coniferous trees adapted to the climatic conditions of 
the Southern Atlantic forest, no other can be found of better promise for the production of 
valuable timber in the shortest time. 

HISTORICAL, 


The Shortleaf Pine, besides furnishing to the colonists the supplies of pine timber required 
for the construction of their dwellings, formed in early colonial times an article of export to the 
mother country and the West Indies. Michaux, the younger, writing in the first years of this 
century, speaks of this timber tree as becoming scarce near the ports. It seems that the specific 
characters of this tree were but imperfectly understood by the earlier investigators of our sylva. 
They were first accurately defined by Michaux, the father, who described this tree in his Flora 
Americana Borealis II, 204 (1803), under the name of Pinus mitis. A still more detailed descrip- 
tion was soon afterwards given by Michaux, the son, in his work on American forest trees (Hist. 
Arb. Amer., 1, 52, t. 3, 1810), with a full account of its value as a timber tree, the qualities and 
uses of its wood, and all that was known in those days of its place in the forest. Besides the 
account given of the tree by the Rey. M. A. Curtis, of North Carolina, in his “Trees of North 
Carolina,” little has been added to our knowledge of this pine until the publication in Professor 
Sargent’s report on the Forests of North America,! of the results of the investigation which the 
writer had carried on in the Gulf States,” and Professor Harvey in Arkansas.’ 

For valuable information on the occurrence of this pine on the Atlantic Coast and west of the 
Alleghany Mountains, the writer is indebted to the kindness of correspondents active in the field 
of botany. In regard to the area over which this species is found distributed in the Southern 
States, the information contained in the physiographic descriptions of the several counties of the 
cotton States, in Professor Hilgard’s report on cotton production,‘ were chiefly relied upon. 


GEOGRAPHICAL DISTRIBUTION. 


The Shortleaf Pine is widely distributed from the Atlantic Seaboard to the treeless plains of the 
Indian Territory under 95° west longitude over 254° from east to west and 10° from south to north, 
namely, from 31° north latitude to Long Island, New York, or 41° north latitude along the Atlantic 
Coast, while in the interior it only reaches to 39° in western Virginia. According to F. A. Michaux, 
the Shortleaf Pine extended originally as far north as Albany, N. Y. The tree is at present not 
known in New York outside of Long Island, and its existence even in Pennsylvania is considered 


1 Forest of North America, Volume IX of Tenth Census. (C, 8. Sargent, 1880.) 
2C. Mohr: ‘Forest Trees of the Gulf Region” (Am. Jour. Forestry, Vol. I, 1883). 
3“*Porest Trees of Arkansas.” (Harvey: Am. Jour. of For., Vol. I.) 
‘Hilgard: Tenth Census Report, Vols. V and VI. 
87 


88 TIMBER PINES OF THE SOUTHERN UNITED STATES. 


at present doubtful. Its northern limit west of the Alleghanies can be described by a line drawn 
from the lower part of Wood County, in West Virginia, to Menifee County, eastern Kentucky. 
Beyond the wide gap covered by the deciduous forests of the lower Ohio Valley and the flood 
plain of the Mississippi the tree appears on the southeastern spur of the Ozark Ilills in Cape 
Girardeau County, Mo., latitude 37° 30’, and on the opposite side of the river on the blufis in 
Union and Jackson counties, Ill, the line dropping gradually half a degree southward to the 
western limit of its range. (PI. XIV.) 

The Shortleaf Pine is a tree of the plain and the foothills, in the South rarely ascending to an 
elevation over 2,300 feet, and at its northern confines not over 1,000 feet (in the Ozark Hills). East 
of the Mississippi River the tree appears sparsely scattered among the hard-wood trees; along the 
border of the Carolinian and within the Austro-riparian zone it becomes more frequent, and often 
the predominating tree. West of the Mississippi River the Shortleaf Pine finds its region of 
greatest profusion, forming forests of vast extent on the uplands of the undulating plain and the 
table-lands of the hill country, which in their timber wealth and economic importance rival the 
great lambering regions farther south. 


CHARACTERISTICS OF DISTRIBUTION IN DIFFERENT REGIONS. 


On the Atlantic Coast, from southern New York to Virginia, judging from the statements 
of earlier writers, this tree must have formed originally a considerable part of the forests of 
coniferous evergreens covering the belt of light silicious soils of the Tertiary strata. A. Michaux 
mentions this species “as not found beyond certain districts in Connecticut, it being multiplied in 
the lower part of New Jersey, and still more on the eastern shore of Maryland and the lower part 
of Virginia.” From the remarks of this writer on the extensive use of the timber of the Yellow 
Pine (Shortleaf) it appears that at the time of his writing—the beginning of this century—it must 
have been quite abundant in those parts. 

This appears clearly by his statement that “in the Northern and Middle States (of the Atlan- 
tic Seaboard) and in Virginia, where, to a distance of 150 miles from the sea, all houses are built 
of wood, the floors, casings of doors, wainscots, and sashes are made of this species, as being 
more solid and lasting than any other indigenous wood. In the upper part of the Carolinas the 
houses are constructed wholly of Yellow Pine, and are covered with it.” Further on we learn 
that immense quantities were used in the dockyards of New York, Philadelphia, and Baltimore, 
and that Yellow Pine lumber formed a considerable part of the exports to Great Britain and 
the West Indies. Since that time this tree has in the region mentioned not only long ceased to 
be a source of timber, but has generally become quite scarce. According to the information of 
Dr. N. L. Britton, “it grows on the coast of New York naturally only on Staten Island, and 
only about twenty-five trees are to be found in Richmond County. It is fairly abundant in the 
portion of New Jersey from the Raritan River to Delaware Bay, forming forests, on a tract not 
more than 8 miles, and it is also found in Delaware on the same formation outcrop of Green Sand.” 

With the appearance of the Longleaf Pine south of Virginia the Shortleaf Pine recedes from 
the coast and is found chiefly in the upper (interior) part of the Southern coast pine belt, scattered 
among the mixed growth of coniferous and deciduous trees. Above the upper limit of the Longleaf 
Piue belt the Shortleaf Pine extends, in the Southern Atlantic States, throughout the interior to 
the lower ranges of the mountain region. 

West of the Alleghany Mountains, in western Virginia and eastern Tennessee, it occurs only 
widely scattered, and hence is practically of no importance to the lumbering industry. 

In North Carolina the Shortleaf Pine is found from the coast to the mountains, though in the 
lower districts enters more rarely into the composition of the upland forests. According to Hale’s 
report on the woods of North Carolina the tree is found in the majority of counties of the State, 
but is most abundant in the middle district, where, with upland oaks and hickories, it is the 
prevailing tree. It is found about Asheville, at an altitude of 2,500 feet. The Shortleaf Pine used 
to form 25 per cent or more of the forest growth in many places, but such areas are not now 
frequent anywhere. In the latest report on the forests of North Carolina’ it is stated that there 


!W.W. Ashe: The Forests, Forest Lands, and Forest Resources of Eastern North Carolina. Bulletin 5, Geol. 
Survey, N. C., 1894, page 41. 
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are possibly 300,000,000 feet, board measure, Shortleaf Pine standing in the counties 1 ordering the 
oak uplands in the eastern part of the State. 

In South Carolina this pine is similarly distributed sparingly in the coast region and more 
frequent in the midland country to the lower mountain ranges. 

In Georgia, in the lower part of the coast pine belt, the Shortleat’ Pine is rarely met with. On 
the sandhills in the center of the State, forming the northern border of the pine belt, it occurs 
mixed with the Longleaf Pine among the inferior hard-wood timber. In the region of crystalline 
rocks, which embraces the more or less mountainous upper half of the State, covering over 19,000 
square miles, at an average elevation of about 2,500 feet, this tree is most frequent, in many parts 
predominating. 

In the three States last named the Shortleaf Pine was originally most abundant in the regions 
now most densely populated, and hence their supplies of timber are more or less exhausted, much 
of the so-called North Carolina Pine sent to market being Loblolly Pine. Young forests, however, 
of this tree are seen everywhere on the hills and mountain slopes, where the original timber 
growth has been removed, and on the worn-out lands abandoned by the cultivator. 

In Florida the Shortleaf Pine is confined to the uplands along the northern border of the 
State, scattered among the Longleaf Pine and hard-wood trees. In the northwestern part, it 
approaches the seashore within a distance of from 25 to 30 miles on the isolated patches of red 
loam lands, where, together with the Longleaf Pine, it is associated with the Southern Spruce 
Pine (Pinus glabra). 

In Alabama and Mississippi the Shortleaf Pine is rarely seen in the lower part of the coast 
pine belt, but forms « more or less conspicuous part of the forest covering of the uplands in the 
central and upper sections, and sometimes predominates to such an extent over the hard woods as 
to impart to the woodlands the somber aspect of a pure pine forest. In the region of crystalline 
rocks, with its arid ranges in Alabama, covering an area a little over 3,000 square miles, between 
the Coosa River and the southern tributaries of the Tallapoosa, the tree is less frequent than in 
the region of the same formation in Georgia, the Longleaf here taking its place. In the northern 
part of Alabama, on the table-land of the Warrior coal field over an area of fully 5,000 square 
miles, mostly in forest, the Shortleaf Pine forms a more prominent feature of the growth. This is 
the case particularly in the eastern part of this area, where the tree occupies mostly the summits 
and steep declines with a thin, dry soil, while in the deeper and moister soils the Loblolly Pine 
takes its place. In Cullman County, altitude 800 feet, where numerous acre measurements have 
been made, rarely over 2,000 feet, board measure, of this timber have been found upon one acre, 
and it can safely be said that in the localities where it is more frequently met with the average 
stand does not exceed 1,500 feet to the acre on this table-land. The supplies of Shortleaf Pine 
timber are rapidly diminishing before the demands of a rapidly increasing population and of the 
adjacent centers of the mining industry, and their total exhaustion is sure to be effected within a 
short time. 

Wherever the original timber growth has been removed on these uplands the young growth 
of the Shortleaf Pine is rapidly spreading and predominates over the deciduous trees. The timber 
trees of full growth average on these table-lands about 22 inches in diameter breast high and 95 
feet in height, furnishing clear sticks of from 35 to 45 feet in length. Such trees have been found 
with from 90 to 155 rings of annual growth on the stump. 

Four trees felled in the vicinity of Cullman showed the following dimensions: 


Measurements of four trees. 


| Diameter | Length of Height of | Rings on 


breasthigh. timber. tree. stump. | 
Inches. Feet. Feet. 
| 22 | 42 (| 11 | 109 
21 AT 15 | lll | 
20 40 a7 | 132 | 
24 45 20 | 
| | 


On the gravelly hills of the northern extension of the central pine belt in Alabama the 
Shortleaf Pine becomes frequently the predominating tree in the forest of oak and hickory. In 
Lamar County, Ala., and in northeastern Mississippi it forms forests which in the latter State give 
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rise to a considerable lumbering industry. These forests are, however, rapidly decimated along 
the Memphis and Charleston Railroad, where the products of the mill find ready market 
throughout north Mississippi and at Memphis. Through the northern half of Mississippi, on the 
divide which separates the waters flowing into the Mississippi River from those of the Tombigbee, 
extends a region of undulating uplands of oak, hickory, and Shortleaf Pine over an area little 
short of 5,000 square miles; on this long, narrow belt the Shortleaf Pine can be said to form 12 to 
15 per cent of the tree covering. These forests furnish an ample supply of pine lumber for local 
demands. It appears, however, that in the eastern Gulf States generally the existing supplies of 
Shortleaf Pine are searcely sufficient to cover home demand. On these uplands the Shortleaf Pine 
takes rapid possession of the openings in the forest and the old fields. Here, as has been 
elsewhere observed in the central and northern parts of these States, this tree can truly be 
considered the timber tree of the future. Since it is rarely found in compact bodies, but associated 
with other trees widely scattered, any attempt at an estimate of the amount of the timber standing 
in these States must appear futile. The amount of timber cut can also hardly be approximated, 
since it forms only a part of the cut of the mills in these States. 

West of the Mississippi River, north of the region of the Longleaf Pine, the Shortleaf Pine 
is found most abundant and in fullest perfection. It is in these Western forests that the Short- 
leaf Pine finds its best development, and forms pure forests, extending over many hundreds of 
square miles with but little interruption. The forests of Shortleaf Pine in northwestern Louisiana, 
Arkansas, southern Missouri, and northeastern Texas are scarcely surpassed in their timber wealth. 
The Tenth Census estimates the amount of merchantable timber of Shortleaf Pine standing in 
1880 in these Western forests at 87,000,000,000 feet, board measure, exclusive of the forests in 
southern Missouri and the Indian Territory. 

In Louisiana the Shortleaf Pine is unequally distributed over the uplands north of the Longleaf 
Pine region between the Ouachita River and the eastern boundary of Texas, embracing an area of 
a little over 8,000 square miles. Along the northern extent of the Louisiana and Texas State line 
this pine forms pure forests, and also prevails in many localities on the upland along the border of 
Arkansas. The resources of pine timber in these mixed forests of oaks, hickories, and Shortleaf 
Pine, removed as they are from the highways of traffic, have been but slightly drawn upon. 

In Arkansas, in the hilly and mountainous region on both sides of the Arkansas River, over 
19,000 square miles in extent, the Shortleaf Pine forms a large part of the tree covering of the 
siliceous rocky soil and frequently extensive forests on the wide table-lands. On the uplands of 
yellow loam south of the hills the tree predominates, especially on the low ridges of gravel and, 
loam, the hard woods encroaching where the soil conditions become more favorable. 

The low ridges rising above the Loblolly Pine forests of the flood plain of the Ouachita and Little 
Missouri rivers are covered with open forests almost exclusively of Shortleaf Pine, interspersed 
with a few White Oaks, Post and Spanish Oaks, rarely above medium size. In the vicinity of 
Gurdon, in Clark County, upon one acre representing average conditions, 22 Shortleaf Pines 
have been counted from 12 to 25 inches in diameter, with no pines of smaller growth among the 
seattered undergrowth of dogwood, huckleberries, serubby oaks, Black Gum, and hickories. Of 
this number, 8 trees measured from 21 to 25 inches; 6 trees from 18 to 20 inches; 6 trees from 
15 to 17 inches and 2 trees 12 to 14 inches in diameter breast high, indicating a stand per acre of 
about 6,000 feet, board measure. 

Five trees, representing the average timber growth of the forest selected for timber tests, were 
found of the following dimensions: 

Measurements of five trees. 


Diameter Lengthof Heightof| Rings on Sapwood 


breasthigh. timber. | tree. | stump. 
Inches. Feet. Feet. Inches. 
20 | 60 110 | 
24 | 47 106 
19 40 109 
18 | 36 95 
25 7) 45 717 


On the arid hills of flinty sandstone the trees are of inferior growth, as observed in Hot Springs 
County, in the vicinity of Malvern. On their steep slopes the pines are rarely found to exceed 18 
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inches in diameter breast high and 75 feet in height, clear of limb for the length of about 35 feet. 
In a number of trees from 120 to 125 rings were counted on the stump. The wood produced on 
these hills is of a lighter color, less resinous, and of a fine grain. Specimens of finished lumber 
from such timber resemble somewhat that of the White Pine. The hard-wood trees, mostly 
Spanish Oak and Post Oak, scattered beneath the pines, are scrubby and of no value for their 
timber. : 

Along the railroad lines the forests have become exhausted for a distance of from 5 to 10 miles 
on either side, and the timber from the virgin forests is conveyed to the mills on steam tramroads. 
It appears that of late years about 550,000,000 to 560,000,000 feet, board measure, of pine timber 
are sawn annually in Arkansas south of the Arkansas River. In this amount the Loblolly Pine 
lumber is included, which is indiscriminately sawn and put with the Shortleaf Pine on the market 
as Arkansas Yellow Pine. The bulk of the product of the sawmills in this section is shipped by 
rail to the markets of the Northwest. 

In the northern part of Texas, east of the prairie region, from the Red River Valley to 
the northern border of the Longleaf Pine region (under latitude 52° N.), extends an area of 
oak, hickory, and Shortleaf Pine uplands, stated in the agricultural report as covering 35,000 
square miles. In the southern extent of this area the districts where the Shortleaf Pine prevails 
are popularly known as the “Pineries.” North of the Sabine River, from Longview through Cass 
and Bowie counties, the Shortleaf Pine forms compact forests over many hundreds of square miles. 
Near Beyins, in Cass County, where the pine forests were more closely investigated, the moderately 
dense timber growth covers the undulating country down to the lowlands of the Red River in 
Louisiana. The sandy gray loam forming the rather compact soil of the surface is underlaid 
by laminated stiff clayey marls, which at the depth of about 4 feet become quite impervious 
to water. Blackjack, Spanish Oak, and Post Oak of stunted growth are scattered beneath the 
pine. The pine appears to be of slower growth; trees of full size—that is, from 20 to 24 inches 
in diameter—were found to have reached an age of from 195 to 210 years. The upper part of 
the timber of such old trees is frequently affected by rot, a defect undoubtedly to be ascribed 
to the cold, impervious subsoil. 

From 6,000 to 7,000 feet of merchantable timber are claimed as an average stand for these 
timber lands. Every tree above 10 inches in diameter at breast height is cut for the mills. After 
the removal of the pine the hard woods gain rapidly in the rate of their growth, soon shading the 
ground completely. Young pines are rarely seen in the natural openings, the seedlings being too 
frequently destroyed by fire. In the clearings, where the original tree growth has been completely 
removed and the pine takes quick possession of the ground, the second growth, if not killed 
outright by the fires which again and again devour the surrounding tall weeds and broom grasses, 
becomes too severely injured to be of any promise. 

Four trees, selected as representing fairly the average merchantable timber of the Shortleaf 
Pine forests of northeastern Texas, showed the following record: 


Measurements of fowr trees. 


Diameter | Length of Height of | Ringsin | Sapwood 


Dressy en timber. tree. | stump. on stump. | 
| 

Inches. Feet. | Feet. Inches. 

24 36 120 195 3 

23 40 109 205 3 

18 45 95 102 54 

7 42 | 94 102 5h 


The forests of Shortleaf Pine near Longview, which was in 1880 thesite of a most active lumber 
industry, have been nearly exhausted, and with diminished supplies along the New Orleans and 
Pacific Railway the business has greatly declined. The annual output of the 30 mills situated 
along this road, and its branch from Carthage to Panola, does not at present in the aggregate 
exceed 70,000,000 feet, board measure. From the information obtained in 1892 it appears that in 
1891-92, 200,000,000 feet, board measure, were handled in Texarkana, the product of the mills at 
that place and immediate vicinity, and also that the shipments of the mills south of the Red 
River in the same year reached about 105,000,000 feet, board measure, 
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In Missonri the rugged hills and tablelands of the southern slope of the Ozark Mountains, 
rising to an elevation of from 800 to 1,000 feet, are covered with forests of Shortleaf Pine, which, 
roughly estimated, extend over little more than 3,000,000 acres, In the counties bordering on the 
Arkansas State line (Terry, Ozark, and Douglas counties) the pine is said to yield on the average 
not over 2,000 feet of timber to the acre. The forests in the basin of the Current and Black rivers 
are heavily timbered, as observed at Grandin. The density of the timber growth varies, however, 
on these broken lands with the soil conditions, a fact demonstrated by actual measurements on 
several plats, upon which the amount per acre varied from 3,000 to 15,000 feet of timber. After 
years of experience, the average yield of the timber lands of the Grandin Lumber and Mining 
Company is estimated at 6,000 feet of merchantable timber to the acre, including trees of 10 inches 
in diameter. 

The trees felled to serve as material for the United States timber tests, and fairly representing 
the average timber growth, showed the following record: 


Measurements of five trees. 


[ Diameter Length of | Height of | Rings on 


|breast high. timber. | tree. stump.a@ 

| Inches. Feet. | Feet. | 
31 40 103. } 74 
20 50 | 99 150 
17 35 | 92 140 
22 40 | 88 180 
24 50 | 109 218 


aSapwood on radius of stump averaging 2} inches. 


The timber from these most northern of the forests of Shortleaf Pine is remarkably free from 
resin, of a fine, close grain, almost white, and claimed to be lighter and softer than the timber grown 
farther south, and like the timber occasionally found on the dry, rocky hills in Hot Spring County, 
Ark., resembling the wood of the White Pine. In these forests the fine tall pines tower high above 
the stunted Scarlet, Black, and White Oaks and hickories, but the growth of these hard woods 
almost completely overpowers the second growth of pine. 

In close connection with the great markets of the North, and nearest to the timberless region 
of the Northwest, the manufacture of lumber in this region is fully developed. According to 
information received at Grandin, the output of the mills located along the Current River Valley 
Railroad, the Iron Mountain Railway; the Kansas City, Fort Scott and Memphis Railroad, and the 
Cape Girardeau and Southwestern road amounted for the year 1891-92 to fully 300,000,000 feet, 
board measure. At such rates the depletion of the timber wealth of this forest is to be expected 
before another generation has passed away. 

Under the existing method of exploitation, which involves the almost total destruction of the 
smaller timber growth, nothing remains to be depended upon for the future. Considering the 
difficulties in the way of their natural renewal, there is no hope left for their restoration on these 
kuolls. The deuse undergrowth and brush of deciduous trees and shrubs which completely shade 
the soil, the rocky surface being hidden by an abundant and inflammable leaf covering, deprives 
the pine of every possibility of reproduction by natural seeding, even if the seedlings could escape 
destruction by fire. 

According to the census of 1880,! extensive bodies of Shortleaf Pine timber exist in the 
eastern part of the Indian Territory. It occurs mixed among the hard woods on the higher ridges 
of the timber belt in the Choctaw Nation, 60 miles in length, and considerable bodies of Shortleaf 
Pine timber in belts of from 10 to 30 miles in length and 2 to 4 miles wide are found on the tributaries 
of Grand River in the Cherokee Nation, and in a large body of timber extending for 25 miles west 
of Ream this tree appears to reach its western limit. 

The great importance of the forests of Shortleaf Pine to the industrial and commercial interests 
of the country west of the Mississippi River, and to the development of the adjacent timberless 
States and Territories, is forcibly exhibited by the enormous production of lumber for the past ten 
years. During the year 1891-92 at a low estimate not less than 1,270,000,000 feet, board measure, 


‘Report of Tenth Census, vol. 9, 1884, 


NOMENCLATURE OF SHORTLEAF PINE. oe 


have been shipped from points in Texas, Arkansas, and southern Missouri to Northern markets. 
This amount may be swelled by the production east of the Mississippi to round numbers of 
1,500,000,000 feet, board measure. 

As stated before, an estimate of the timber of this species standing is impossible on account 
of its scattered distribution and prevalent occurrence in mixed growths. But considering the 
extent of the areas within which it occurs and the average cut on the same, or comparing with the 
amounts of Longleaf Pine, which on account of the compact bodies in which it occurs, can be more 
readily approximated, it is safe to assume that very much less than 100,000,000,000 feet remain 
available, while the cut can be roughly estimated at 1,500,000,000 feet, board measure. 


PRODUCTS. 


Among the coniferous trees of eastern North America the Shortleaf Pine stands next to 
the Longleaf Pine in importance to the lumber industry and in the value of its timber. Freer 
from resinous matter, softer, more easily worked, not less susceptible of a good finish, the 
Jumber of the Shortleaf Pine is often preferred by the cabinetmaker and the house carpenter to 
that of the Longleaf Pine. Less tenacious, and of less power of resistance under strain, it is 
principally used for the lighter framework in buildings, for weatherboarding, flooring, ceiling, 
wainscoting, cases for windows and doors, for frames and sashes of all kinds, and for shingles. 
Most of the dwellings located within the districts where this tree prevails are built almost entirely 
of Shortleaf Pine lumber, which bears ample testimony to its wide usefulness. It is also 
extensively employed in car building, for cross-ties, and in the manufacture of furniture. 


NOMENCLATURE AND CLASSIFICATION, 


This species, like all of the same genus of a decidedly Southern distribution in the Atlantie 
forest, belongs to the section Pinaster as defined by Engelmann, with cones of tough, woody scales 
their exposed ends thickened by an umbonate swelling (apophysis), which is armed with a weaker 
or stronger deciduous or persistent prickle or mucro. It was first described by Miller in the year 
1768 as Pinus echinata,! and under that name recognized by the earliest writers on North American 
forest trees;* it was subsequently named by an obscure writer Pinus virginiana, var. echinata, 
Du Roi.’ Michaux described this tree in his North American Flora‘ under the name of Pinus, 
mitis, which received general recognition and by which it is known to botanists to the present 
day. Pinus variabilis, the name under which it was described at about the same time by Lam- 
bert,° was adopted by Wildenow, and following that author by Pursh, Nuttall, Elliott, and a few 
others of the writers on the botany of this country. In following strictly the rule of priority, at 
present most strongly advocated as the only measure to avoid further the confusion arising from 
an endless number of synonyms, Pinus mitis, the name under which it is generally known, will 
have to be abandoned, and the more obscure one, Pinus echinata, under which this species was 
first published, restored. 

Great confusion is caused by the various appellations this tree has received in the English ver- 
nacular, being indiscriminately called Shortleaf Pine, Yellow Pine, and Spruce Pine, although most 
widely known under the first of these names, and in the markets it is now somewhat doubtfully 
established under the name of North Carolina Pine. In the States of the lower South it is fre- 
quently confounded with the Loblolly Pine, as the timber of the two is often, if not mostly, mixed. 
M. A. Curtis, in his “Trees of North Carolina,” selected for this tree the name of Yellow Pine, 
strongly recommending its general adoption in order to introduce greater uniformity in the desig- 
nations of our forest trees. Unfortunately the same name is in many of the Southern lumbering 
districts bestowed upon the Longleaf Pine, particularly when the timber is spoken of. It is often 
quite impossible to determine to which of the two species the timber is to be referred when under 
that name it is quoted in the reports of the lumber markets. 


1 Miller’s Dictionary, 8th ed., 1768: London. 

2 Marshall’s Arboretum Americanum: Philadelphia, 1785. 
= Du Roi Hb. 

4A. Michaux’s Flora Amer. boreal., Paris, 1803. 

5 Description of the Genus Pinus: A. B. Lambert, 1803 and 1824. 


EXPLANATION OF PLATE XV. 
{Figures natural size, except where otherwise noted.] 


Fig. a, branch from a lower limb bearing male inflorescence with flowers in a dense cluster (first week of April, 
southern Alabama); b, c, branch with two subterminal] aments of female flowers below which are two immature cones 
of one season’s growth; d, detached male flower showing basal involucral scales, magnified 3 diameters; e, germi- 
nating seed (February); f, same seedling one month later (March) with 7 cotyledons in the midst of which the 
terminal bud shows the primary leaves appearing; g, seedling about the close of the first season with terminal 
cluster of true (secondary) leaves, below which are seen the withered primary leaves; /, i, transverse section through 
base of two and three leafed leaf bundle, magnified 50 diameters, showing outer small hypodermal cells, the stomata 
appearing as marginal white spots; next a broad band of large in-walled parenchymutous cells bearing chlorophyll, 
within which, at the angles of the leaf, resin ducts appear as large openings; the dark areas in the center are fibro- 
vascular bundles surrounded by a single row of thin-walled cells (bundle sheath). 
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Under the name of Spruce Pine, in the extreme Southern districts, it is invariably confounded 
with the true Southern Spruce Pine (Pinus glabra), the species which in several points it closely 
resembles and to which it is most closely related. 


BOTANICAL DESCRIPTION. 


Leaves mostly 2 (sometimes 3) in a short sheath, 3 to 5 inches long; cones 14 to 2 inches long, 
oval or somewhat conical; scales with a short, tender, straight, and finally incurved prickle, light 
brown. Seeds rather small, two-fifths of an inch long, by one-tenth to one-eighth of an inch wide, 
with dark, scattered or confluent specks; the wings are reddish brown and about one-half of an inch 
long. The young shoots are of a glaucous violet color. The bark of mature trees is rather thick 
and broken up in squarish plates. The different general appearance of the tree will almost always 
serve to quickly distinguish it from the closely related Serub Pine (Pinus virginiana) which is 
distinguished by its shorter and more rigid leaves. Any doubt can be removed by trying the 
twigs; those of the Scrub Pine are tough while those of the Shortleaf Pine snap oft readily. The 
bark is of a light reddish brown color, and on the lower part of the trunk in full-grown trees 
three-fourths to fully one inch thick crossed by deep furrows, and flaky. 

The limbs are arranged in more or less regular whorls, under full exposure, forming a crown 
with the outline of a truncated pyramid, by which the tree can be recognized from a distance and 
distinguished from kindred species with which it happens to be associated. The oldest and stout- 
est limbs are rarely over 20 to 25 feet in length, and are somewhat drooping. 

It is indeed a beautiful tree, with its stately, gently tapering trunk and its finely shaped full 
crown clothed in an abundance of foliage, bearing the stamp of thrifty and vigorous growth. 

Leaves.—The secondary or foliage leaves are found mostly 2 in a sheath, and on shoots of vig- 
orous growth often 3 are found in a bundle; occasionally whole trees are seen with 3 leaves in a 
sheath and in some rare instances on young trees even 4 have been counted (Pl. XVI, g, h). The 
leaves vary from 3 to 4 inches and a little over in length; they are slender, about one-eighteenth 
of an inch wide, strongly concave, slightly twisted, faintly serrulate, and abruptly sharp pointed, 
while young of a yellowish and later on of a deeper green color. In the cross section (PI. XV, h, i) 
they present a semicircular outline; examined under the microscope they show on both sides about 
ten rows of minute stomata (breathing pores) the small epidermal cells underlaid by a single layer 
of rather thin-walled hypodermal or strengthening cells; in the specimens examined from 3 to 4 
peripheral resin ducts were found, the bundle sheath consisting of a single row of cells. The sheath 
invests the leaves closely and rarely exceeds at any stages of growth three-sixteenths of an inch; 
the leaves are shed during the latter part of their second year. 

The bract-like scales (Pl. XV, b. ¢.), modified primary leaves, which densely cover the young 
shoots and in the axils of which the foliage leaves are produced, are while young of a grayish color, 
closely appressed, lanceolate, acuminate, and fringed; with the subsequent development of the 
foliage leaves and the increase of the shoot in length, their tips become dried and are cast off. 
As the tender shoots become hardened they assume a glaucous purplish color. 

Flowers.—The flower buds make their appearance during the latter part of the winter and 
begin, in stations of southern latitudes, to open near the end of March (Baldwin County, Ala., 
March 26), and farther north from three to four weeks later (Cullman, Ala., April28). The stami- 
nate flowers are closely sessile, to the number of fifteen to twenty surrounding the terminal bud 
(Pl. XV, a), which at the time has scarcely grown to the length of an eighth of an inch. The 
staminal column, of a pale purplish color, does not exceed three-fourths of an inch in length, 
is less than one-eighth of an inch in thickness, and is surrounded by eight or nine decussate 
scales, those of the first pair being strongly keeled and scarcely half the size of the others (PI. 
XV, d). The crest of the anthers is nearly circular and slightly denticulate. The male flowers 
are shed immediately after the discharge of the pollen. The female flowers are united in an 
oblong, obtuse, short-stalked catkin of a delicate rose-pink color, about one-fourth of an inch in 
length. They are rarely single, but mostly from two to four, produced closely below the apex of 
the youngest shoot (PI. XV, b). The stipe of the catkin, not over three-eighths of an inch in 
length, is invested by twenty to twenty-four hyaline ianceolate, pointed, involucral scales, those 
immediately surrounding the flowers being widely spreading. The bracts subtending the carpellary 
scales cover the latter to the base of their long, subulate, erect tips. 


EXPLANATION OF PLATE XVI. 

Fig. a, branch with mature closed cones (October of second season); b, mature cone; ¢, cone scale, outer or 
dorsal view showing apophysis; d, ventral view of the same with seed in place; e, seed detached from wing; /, seed 
with wing intact; g, leaf forms, two and three leafed bundles. 

96 


PLATE XVI, 


ision of Forestry, 


Bulletin No. 13, Div 


9). Oloxeme ki del 


PINUS ECHINATA: CONE, SEED, AND LEAVES. 


DESCRIPTION OF WOOD OF SHORTLEAF PINE. 97 


After fertilization has taken place the shoots bearing the fertile flowers increase rapidly in 
length. Fertile catkins are frequently found on the older branches, produced on branchlets from 
adventitious buds. The tree begins to produce flowers when from ten to twelve years old, according 
to exposure; male flowers have been observed one or two seasons earlier. 

Cones.—Every season cones are produced in great abundance. The conelets of the first year, 
borne on a short, horizontal stalk, are oval in shape, scarcely one-half an ineh in length, the 
squarrose tips of the scales giving them the echinate appearance from which the botanical name 
first given to this species was undoubtedly derived (Pl. XV, c). 

Fully matured by the end of the second year, the cones are nearly sessile, oval, of dull or 
leather brown color, 13 to rarely 2 inches long, and when open, nearly as wide; they are frequently 
smooth (PI. XVI, a,b). The scales are hard, with a slightly swelled apophysis, devoid of or armed 
with the weak, more or less deciduous prickle (Pl. XVI ¢, d). The cones open early in the fall, and 
remain, after the discharge of their seeds, for several years on the branches. In consequence, 
the older trees are covered with them through all seasons. 

Seed.—The Shortleaf Pine produces seeds in greatest abundance; its crops seem never to fail. 
The seeds are small, triangular, three-sixteenths of an inch long by one-eighth of an inch wide, the 
hard, roughish testa marked with three indistinct ridges and more or less with confluent specks; 
the wing is of a light, reddish brown, half an inch in length and deciduous during germination 
(PI. XV, e¢,/). The seeds retain their vitality for several years; fresh, they will germinate in from 
ten to fifteen days. The number of seeds to the ounce is about 5,000; wafted by the wind over 
wide distances and germinating early during the first days of spring, their offspring are found to 
take possession of every opening in the forest and of the old fields in localities favorable to their 


growth. 
THE WOOD. 


The wood of Shortleaf Pine resembles that of the Loblolly in almost every respect. ‘The 
sapwood is clearly defined, being quite broad, and even in very old trees forms fully one-half of the 
total volume of the trunk. In thirteen trees one hundred to one hundred and fifty years old, the 
average width of sapwood was found to be about 4 inches, while even in trees over one hundred 
and fifty years old its average width was 3 inches. In the former case, the sapwood formed 65 to 
70 per cent of the volume of the logs; in the latter, 50 to 55 per cent, while in a set of trees fifty 
to one hundred years old it formed fully 80 per cent of all the wood. The change from sapwood to 
hardwood proceeds much as in Loblolly Pine. It begins when the tree (or any disk) is about 
twenty-five to thirty years old, and is retarded more and more with age, so that in old trees as 
many as eighty or even one hundred rings are counted in the sapwood, while in young and thrifty 
trees not more than thirty to forty may occur. 

In keeping with the large amount of sapwood, the weight of green Shortleaf Pine is rather 
great, varying, for entire logs, from 45 to 55 pounds per cubic foot, commonly approaching 60 pounds 
in the largely water-filled outer portions of the sapwood. 

When kiln-dried, the wood of trees one hundred to one handred and fifty years old weighs 
on the average about 32 pounds per cubie foot. As in other pines, the butt is 15 to 20 per cent 
heavier than the top, and the wood of the inner forty to fifty rings excels in weight and strength 
the wood of the outer parts of old logs. As was stated for Loblolly, the sapwood may be light, 
heavy, weak, or strong, according to the age of the tree from which it is obtained. As might be 
expected from the great range of distribution of this tree, its wood, like that of Loblolly, varies 
within very wide limits. Specimens from Missouri (near its northern limits) are generally lighter 
and less resinous than those from farther south, and frequently resemble the wood of the Norway 
Pine, while many select specimens from the Gulf and South Atlantic States rival in weight and 
strength the best grades of Longleaf Pine. In its strength, as in its weight, the Shortleaf follows 
Loblolly Pine. 

The average of a large series of tests furnishes the following average values for dry pieces of 
this species: 


Lbs. per sq. ineh. 
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As the average weight of this series was 35 pounds per cubie foot, or about 16 per cent heavier 
than the average weight involving all parts of all the trees, these figures should be reduced by 
that per cent to represent the true average for the wood of the species. 

In drying, 100 pounds of wood lose from 40 to 50 pounds of water, the bulk of which comes 
from the sapwood, which contains 60 per cent and more, while the heartwood, like that of most 
pines, contains about 25 per cent. 

The shrinkage in volume consequent on drying amounts to about 11 per cent. It is about 13 
per cent in the wood of the butt and about 10 per cent in that of the upper logs, varying in this 
respect directly as the weight of the dry wood. Of the 11 per cent, about 5 per cent fall to the 
tangent or occur along the rings and 3 to 5 per cent along the radius. 

The structure of the wood of Shortleaf Pine is essentially the same as that of Loblolly. Sum- 
merwood and springwood are sharply defined. The proportion of the former to the wood on the 
whole varies, as in Loblolly, in the same manner as the weight of the wood, being greater in the 
butt than top, greater in the wood of the inner rings than in the wood farther out, and greatly 
reduced in all cases where the growth of the tree is suddenly retarded by unfavorable seasons, 
but is otherwise quite independent of the width of the rings. 

For details of structure, consult the comparative study of Mr. Roth, appended to these 
monographs. 

PROGRESS OF DEVELOPMENT. 


The seeds begin to swell and to germinate in the early days of spring. In Mobile County, on 
the end of the first week of March, the plantlets had their cotyledons fully unfolded, which were 
found to vary from six to seven in number, with the lower (hypocotyledonary) part of the axis from 
14 to 2 inches long, the rootlets being somewhat less in length (Pl. XV, e,g). The development 
of the upper part of the axis (caulicle) from the terminal budlet and of the primary acerose leaves 
proceeds now rapidly. These primary leaves succeeding the cotyledons are stiff and spreading, 
about three-fourths of an inch long and covering the stem densely (Pl. XV, g), remain during the 
first season, withering from below during the warmer part of the season. By the close of the first 
season the caulicle or first shoot has attained a length of from 3 to 4 inches. On the shoot of 
the second season (rarely before) the secondary leaves, which constitute the foliage, make their 
appearance from the undeveloped branchlets in the axis of the primary leaves (Pl. XV, g). At 
the end of the second year the plants are 7 to 8 inches high, with a taproot 2 to 3 inches 
long. During this season adventitious buds appear at the collar of the stem, which bring forth 
vigorous sprouts, particularly if the stem has sustained the slightest injury. These shoots are 
covered with primary leaves, which are retained for one season. They are apt to form strong 
branches before the tree has reached its fourth or fifth year; such branches, which are produced 
profusely from the stumps of larger trees, scarcely survive another season. It is rarely that 
branches are produced in the second year, the first branches appearing generally in the third 
season in whorls of three to four. In the third year foliage leaves alone are produced in the axils 
of scales with their bases close to the stem. At the close of the third year the plants are from 12 
to 18 inches high. Now the development of the root system advances rapidly, the taproot being 
by this time about 8 or 10 inches long, with strong lateral roots often double that length. Both 
taproot and lateral roots are finally vigorously developed, penetrating deep into the ground, so 
that trees of this species are rarely blown down by winds. At the end of the fourth year the 
plants are from 2 to 3 feet high, with the stem at best from five-eighths to seven-eighths of an 
inch thick. 

The branches of the whorls begin now in their turn to develop branchlets in whorls of secondary 
order, The development of the primary axis and its branch system proceeds henceforth in the 
regular acropetal order. As in all pines, the shoot of the main axis takes the lead in rapidity and 
vigor of growth. By a number of measurements made at Cullman, north Alabama, of trees from 
the openings in the forest, as well as from clearings, it was found that by the end of the fifth year 
they had attained a height varying between 3 and 5 feet, rarely over, the stem being from five-eighth 
to seven-eighths of an inch in thickness; by the end of the sixth year, from 6 to 9 feet high and 
from one-half to 2 inches in diameter; and at the tenth year, from 10 to 16 feet high and from 2 
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to 24 inches in diameter. At the age of fifteen to twenty years, with a total height of from 20 to 30 
feet and a diameter breast high of 4 to 5 inches, the crown of the tree occupies from one-half to 
five-eighths of its height. Henceforth throughout the period of quickest growth its rate is greatly 
influenced by conditions of light and soil. At the age of fifty years the height of the trees varies 
between 40 and 60 feet and the diameter breast high between 10 and 14 inches. About this age, 
or perhaps a short time before, the height growth begins to decline and the branches become 
somewhat reclining below and spreading toward the top, and consequently the head of the tree 
becomes more rounded in outline. Between the ages of sixty and seventy years the trees are from 
50 to 70 feet high and from 12 to 15 inches in diameter, with the trunk clear of limbs for 30 to 
rarely over 40 feet. From this period on the growth proceeds at a slower rate. On reaching its 
one hundredth year the tree has attained a height between 90 and 95 feet and a diameter of 
from 16 to 19 inches at most. Having now passed its period of vigorous life, the growth is 
henceforth insignificant. Between the ages of one hundred and twenty and one hundred and 
thirty years trees were found 90 to 110 feet high and from 18 to 24 inches in diameter. The oldest 
tree encountered in the measurements, with two hundred and eight rings of annual growth in 
the stump, scarcely exceeded 109 feet in height and measured 24 inches in diameter. The largest 
tree felled was 117 feet high and 25 inches in diameter, with one hundred and forty-three rings in 
the stump. Occasionally trees are found of a diameter exceeding 3 feet, but such are exceptional. 


TABLE I.—Growth of Shortleaf Pine (Pinus echinata), from eight to fifty years. 


wee F Rings pian: Helghe ata 
Number 0. <= ter a ) otal at Tes ~e 
tree. tump.| breast | first | height. Locality. Remarks. 
stump.) high. | limb. 
Inches.| Feet. Feet. 
Ueesceecee se scoe 8 2 6 11 Clearing made in 1879 for pasture in dense pine thicket. 
Pine soceonadoicas 8 ey steele 11 Do. 
Bee hee ee 9 ae 11 Do. 
Ae eo 10 | ae 17 Rocky hillside, border of thicket. 
Dicessce sceekene 10 pot een a aby | | Rocky hillside in dense thicket of vigorous growth; youngest shoot, 
| 19 inches. 
li Ber 6ea dooooae 12 | 22 7 11 Exposure free in opening of forest. 
138 soso eee ay 2 7 11 | Grandin, Mo-..-......) Rocky table-land; opening in forest. 
Qe eeee eee ane 12) | BY |iemegease 20 | Cullman, Ala....... Border of thicket; freely exposed. 
AST een eaee 12 ha ee eee 16 | Grandin, Mo.....-..-. Rocky table-land; partially exposed; in forest. 
(ESS Ase en 12 | 2 10 19 | Cullman, Ala...-...-. | Exposed; border of woods. 
Heeceshassasscnc 13 | 23 6 WG [Packe oscacecsenesce Do. 
Use nina ease 13 | Poy eee nd Wf Weed (UU) ceeneasssne ae In midst of thicket; old clearing. 
0 Beene eens 13 BF |Eaeasee4 PAN | (HO raseotoothsced Old dae cleared in 1879; most vigorous growth; young shoot 19 
inches. 
15 4 12 Pe Nb sac GW -recosesenbeo Do. 
15 | 4 10 20 | Grandin, Mo.. - Rocky hills; open forest. 
18 | 4 15 36 | Bivins, Tex .- - Open forest. 
19 | 4 22 37 | Gurdon, Ark. . | Exposure free; open grove of second growth. 
19 4 10 20 | Grandin, Mo.. Oppressed in forest opening by oak scrub. 
20 6 14 Ai) senor do ...-- Rocky; open woods. 
19% 2k 83 253 Open grove; closely oppressed. 
22 | 3 12 25 Open grove of second growth. 
27 (| Gh | eee 254 0. 
24 3h 22 33 i Do. 
25 4 15 34 | Bivins, Tex -- .| Partially free; in forest. 
41 ll 51 70 | Gurdon, Ark....... Free ; old field. 
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TABLE Il.—Growth of Shortleaf Pine during stage of vigorous growth, from fifty to one hundred and twenty years. 


Number of 
tree. 


Number of 
of tree. 


stump. 


Diameter— 


Rings 
ei At Below 
stump. breast acown 
high. i 
Inches. Inches. 
52 Ohiinarasn 
58 Gh sess 
60 DD) lewesanns 
73 | 12 
102 | 164 
102 18 
102 19 
105 | 15 
109 22 
GR) RS TE 
ll4 Ne eer ae 
116 22 1 


Height 
to first 


Total 


limb or | height. 


crown. 


Length 
f 


timber. 


Locality. 


| 


Remarks. 


(Pecee do 
Gurdon, Ark 
Cullman, Ala ..... 


Bivins, lex 
Cullman, Ala 


In forest; soil cold, underdrainage deficient; ex- 
posure free. 

Exposure free; opening in forest. 

Coastline; loamy sand, with Cuban Pine; exposure 
free. 

Opening in forest; exposure partially free. 

Oppressed. 


Exposure free; open forest. 

.| Partially free on fravely ridge. 

Exposure partially free; open forest; dry hill; 
sandy, gravelly loam. 

Exposure free; gravelly loam. 

Oppressed on all sides; red heart above 36 feet. 

eee free; open forest; rocky, and sandy 
oan, 


Tasie I1l.—Growth of Shortleaf Pine during stage of slow growth, latest stage of life. 


| 
Rin gs | 
in 


Diameter— 


= lreignt "ene 
|to first | Total | ~ sal ‘elate 
ae lato wlan! heigkt.| “ setts Locality. Remarks. 

Wieh ' crown. crown. caer 

Bu | | ‘ 
| Inches. Inches.| Feet. | Feet. Feet. 
| Bee 45 92 42 | Cullman, Ala..-.. Open forest; hills; soil, sandy clay; exposure frev. 
20 13 73 110 60 | Gurdon, Ark...... Open forest; gentle declivity; gravelly clay. 
20 47 95 | tf Rae oe (lu seae ROAR AE Oe 
pas 47 106 CES oe Weconcerecsne Do. 
20 42 87 40 | Cullman, Ala..... Open forest; clay hill; exposure free. 
17 89 | 92 38 | Grandin, Mo...--. Exposure free; rocky tuble-land. 
25 46 «17 45 | Gurdon, Ark ..... Exposure free; gravelly hillside. 
20 50 | 100 50 | Grandin, Mo.. Rocky table-land; exposure free. 
31 46 | 102 PO ee do. Do. 
22 42 91 S00 eae domeeate-e ose Rocky table-land; exposure partially free; slightly 
suppressed. 
24 87 119 87 | Bivins, Tex. .....- Cold soil; exposure free. 
pS Sl Pie Acne 61 108 Ne eRe or One oe eneaael Cold soil; exposure free; affected above 40 feet with 
red heart. 

25 | 22 55 110 50 | Grandin, Mo...--- Exposure free; soil loamy ; deep. 


From the general table (No. LV) and the corresponding diagram it seems that in the average 
the tree at twenty is about 30 feet high, reaches 50 feet at the age of forty, and that its growth in 


height is in the main finished at the early age of 70. 


In keeping with this, the growth in 


diameter is quite rapid during the first fifty years, continues at a moderate pace up to 80, when 
the age of extreme slow growth is entered. 
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TABLE IV.—Rate of growth of Shortleaf Pine. 


Length Volume. | Periodical growth by decades. 
| Diameter of log pial - : - ievannoal 
Acro with bark with up- heivhvor Log up to : iAroavor aaa Current 
3 Meni ee Geet Tree. ee | Decade. ee Height. cross Volume. accretion, @°°Teuen- 
~~" | Gnches. eter. | eae) 
Inches. Feet. Feet. Ou. ft. Cu.ft. | Inches. | Feet. | Sq.ft. Cu. ft. Ou. ft. | Ow.ft. 
10 CAL Re Seana a ONS2 ieee anne eas First s.sesevscascces 2.2 11 0.03 | 0, 32 | 0.03 0,08 
20 Dig | role esteem 27 CPN Ne eins si \eCondias seememnosas 2.3 16 | 07 1,89 ll 19 
30 7.4 15 41 7.55 6.3 Whird=.22: Ps 14 4 5. 34 «25 53 
40 9.3 26 51 14. 06 12.98 | Fourth 1.6 10 | .13 6.51 .35 65 
50 11.0 38 60 22.18 21.18 | Fifth ..... 1.6 9 | ut, 8.12 | 44 81 
60 12.7 48 67 31. 97 31.10 | Sixth ....- 1.6 7 | +21 9.79 53 98 
70 14.5 56 71 43. 96 43.32 | Seventh -. 1.6 4 21 11.19 | . 62 1,20 
80 16.0 61 75 56. 54 55.91 | Eighth ... 1.5 4 23 | 12. 58 | .70 1. 2¢ 
90 16,5 64 78 62. 53 61.89 | Ninth ..-- 6 3 | 10 | 5. 99 . 69 60 
100 17.0 67 81 67. 68 67:05" Renth socceseneeacee Ab} 3 | 07 5.15 - 68 51 


HE|GHT 
IN FEET. 


[27-4e- 145-- --16.0--+--165- ---170--4 
DIAMETERS 
IN INCHES. 


Fic. 11. -Growth of Shortleaf Pine; Height, diameter, and cubic contents of average trees at 10, 20, etc., years of age, 


CONDITIONS OF DEVELOPMENT. 


Soil and climate.—The Shortleaf Pine prefers a well-drained, light sandy or gravelly clay soil 
or warm loam, even if deficient in the elements of plant food. Soils of this charaeter which are 
found widely prevailing over the undulating or broken uplands, if only of sufficient depth, will 
produce this tree in greatest perfection. It avoids the Strongly calcareous and the rich alluvial 
soils, as well as purely silicious, being dependent on the presence of a certain amount of clay by 
which the mechanical condition of the soil is improved, rendering it more compact and more 
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retentive of moisture. That a purely sandy and highly porous soil is not favorable to this tree 
is shown by the stunted growth of the waifs sometimes found in the openings of the forests of 
Longleaf Pine on the sandy, arid uplands in the lower part of the coast pine belt. 

Distributed in its range over 10 degrees of latitude and exposed to wide differences of 
temperature, it Shows almost the same thrift of growth near its northern limits under the isotherm 
of 50° F., and in regions where the thermometer falls to near 20° below zero, as in lower latitudes 
with a mean annual temperature of 64° F. It can, therefore, endure a considerable range of 
temperature. 

The conditions of atmospheric moisture evidently exercise a much more decided influence 
over its distribution, and, without doubt, upon its individual development. The tree is found in 
greatest abundance and of best growth where, within the limits of its distribution, the annual 
rainfall varies between 48 to 52 inches, it is less frequent in the districts where the precipitation 
exceeds 56 inches, still scarcer where the annual rainfall averages below 44 inches, and entirely 
wanting where this is less than 40 inches. Hence it is found best developed in the upper part of 
the Gulf States and west of the Mississippi River in adjacent northern districts from the interior 
of Georgia to northeastern Texas, where the most favorable conditions in regard to atmospheric 
precipitation prevail. The tree seems to avoid the humid air of the coast along the Gulf, as well 
as along the seashore of the Southern Atlantic States, nor does it ascend the mountains in these 
States above an altitude of 2,500 feet. 


RELATION TO LIGHT AND ASSOCIATED SPECIES. 


The Shortleaf Pine, like most pines, is a light needing species, being, however, less sensitive 
to a deficiency in this direction than the Longleaf and Cuban pines, which latter succumb in 
competition with the Shortleaf Pine. Originally the Shortleaf Pine is found more or less asso- 
ciated with various oaks (Spanish Oak, Blackjack, Scarlet Oak, Post Oak, and Black Oak), the 
Mockernut and the Pignut Hickory, and more rarely with the Chestnut, the Mountain Oak, and 
the Serub Pine. All of these species prefer the warm, lighter soils of the uplands. These 
companions of the Shortleaf Pine are joined in the lower Southern States by the Loblolly and 
Longleaf Pine. Wherever in these upland forests an opening is made the Shortleaf Pine gains 
over its associates, finding its only successful rival in the Loblolly Pine. It is in the Southern 
States proverbial that in the upland forests “the pine is crowding out the hard-wood timber,” 
a fact early observed. The displacement is effected either gradually in the course of time, or 
instantly when the removal of the original timber growth has been sudden. In the upper part 
of the maritime pine belt, where it is associated with the Longleaf Pine, the latter is sure to be 
replaced by the Shortleaf species, often joined in the course of such invasion by the Loblolly Pine. 


ENEMIES. 


Little is known of the fungoid parasites and of the insects endangering the life of the 
Shortleaf Pine. From my own observation, it seems that this tree is less affected by the former 
than the other pines of the same region. In the lumbering districts of Alabama a disease called 
redheart or redrot, caused by the mycelium of a large species of Polyporus, which is so highly 
destruetive to the Longleaf Pine, is in this species almost unknown. In northeastern Texas this 
disease was found to affect the superannuated timber trees, which were over two hundred years 
old. According to A.S. Packard! the hosts of insects affecting this pine seriously are scarcely less 
in number than those infesting the Longleat Pine; its enemies belong to the same or very nearly 
related kinds. Among the borers the Monohamnus confusor and other species of the same genus 
dig burrows in the timber to the heart; the larvie of numerous Buprestidae, Cerambicida, and 
Curculionide burrow under the bark, and the Tomicus calligraphus, cacographus, cicelatus, and 
other species of Scolytida, at certain seasons are in immense numbers carrying on their work 
of destruction in the cambium layer, leaving in wonderful delineation on the inside of the bark 
the marks of their pernicious activity and causing the speedy death of the tree. 

Mr. 8. A. Schwarz, of the Division of Entomology, Department of Agriculture, remarks in this 
connection that of more than usual interest is the remarkable and disastrous invasion of one of 


'A.S. Packard: Insects injurious to forest and shade trees. 
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these bark-boring Scolytid beetles (Dendroctonus frontalis), which in former years was universally 
considered a rare species. This invasion started in 1888 from the mountainous regions of West 
Virginia and within four years spread throughout the Alleghany Mountains and adjacent lowlands 
from Pennsylvania to the Carolinas. The amount of damage caused by this beetle within that time 
to the Shortleaf Pine and other pine trees has been enormous. A contagious disease, probably of 
a fungoid character, terminated in 1892 this invasion just as suddenly as it had commenced, and 
in 1893 not a single living beetle could be found throughout the infested region. The white froth 
hiding the larva of a tree jumper (Aphrophora parallela) is very common on the summits of the 
twigs, the larvie of the sawflies are seen at the same season to feed on the tender, young foliage, 
which is also infested by a small white Gelechia depositing its eggs on the leaves, the larve boring 
into them to provide shelter for their pup; and according to Mr. Schwarz the leaves of the 
Shortleaf Pine are frequently found completely covered by a scale insect (Mytilaspis pinifolic), 
causing what is termed in New England the “white malady” of the pine. Of the flat-headed 
borers, larve of the Buprestida, the most injurious species are Chrysobothris dentipes (Germ.), 
Calcophora virginiensis (Drury); less common, Calcophora georgiana (Lec.) and Buprestis lineata 
Fab. (Schwarz). 

Exposed to the same dangers of destruction by forest fires and by live stock of every kind, 
which threaten the Longleaf species with extermination, the chances of this pine to resist them 
and to escape such eventually are more favorable in consequence of the greater facilities for its 
reproduction and of its rapidity of growth during the earliest stages of its existence. 

The pernicious influences of the first of these agencies is, however, painfully visible near the 
settlements where the forest is exposed to its effects one season after another. In such localities 
the pines are of stunted growth; in the middle stage—their very prime of life—they exhibit signs 
of decay and early death. But few of the younger trees exposed to fire were found on close 
examination to be free from defects and marks of impending disease. 

Confined to the gentle slopes of the low hill country, to rollinguplands, and to broad table-lands, 
this tree is scarcely exposed to destruction by torrents and floods. Unsought for its resinous 
juices, it is not subjected to the wholesale destruction caused by the prevalent methods employed 
in the manufacture of naval stores. No other timber tree found in the southern portion of the 
Atlantic forest region is more easy of natural reproduction than this species throughout the wide 
range ofits distribution. This is readily accounted for by its great fecundity, the seeds produced 
in great abundance almost withont failure every year being profusely spread far and wide, and 
germinating easily wherever the proper soil and a chance is offered for their reception. By their 
thrifty growth the seedlings soon gain the upper hand over the contemporary growth of other 
species, 

Throughout the interior of the Atlantic and the Gulf States tracts of upland, originally covered 
with fine oak forests, which had been cleared for cultivation and but little over half a century ago 
abandoned, are found at present occupied by the Shortleaf Pine, forming dense groves of trees 
65 feet and over ini height, with a diameter of 10 to 12 inches, standing 18 to 20 feet apart, with no 
undergrowth whatever.’ Such young forests, met with in every stage of growth, afford highly 
instructive lessons of the ways taken by nature in the spontaneous restoration of the forest. In 
such spontaneous growths of the Shortleaf Pine the saplings form from the first mostly dense 
thickets. Before having arrived at their tenth year the work of thinning has actively begun by 
the death and speedy decay of the weakest. Thus favored by the access of light and air, the 
surviving trees shoot rapidly upward, the most aspiring individuals spreading out their crown, 
overshadowing those lagging behind, which being thus cut off from the influences above all others 
required for their existence, one after another die. Before the trees have reached the middle stage 
of their growth the stand of timber in the young forest appears to be firmly established, and 
during the following period, embracing less than half a century, they have attained the fullness 
of their growth, furnishing timber fully matured and of the dimensions and quality required by 
the present standard. Unchecked by destructive influences the rotation of a crop of timber of the 
Shortleaf Pine produced without the interference or assistance of man, can be said to be accom- 
plished within a period of from eighty-five to ninety-five years. 


‘Charles Mohr: Proceedings of the Fourth Annual Meeting of the American Forestry Congress, Boston, Sep- 
tember, 1885. 
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FOREST MANAGEMENT. 


From the place this species is taking among the second growth it can be safely predicted that 
it is destined to be the timber tree of the future, as far as the Southern States of the Atlantic 
forest region north of the Longleaf Pine belt are concerned. It is upon this tree that in this 
section succeeding generations will have to depend for their supplies of pine timber of superior 
quality, and in which the nearest substitute is to be found for the supplies furnished at present 
by the Longleaf Pine. That the resources of the latter under the increasing strain to which it 
is subjected will be completely exhausted before its restoration can be effected is too evident to 
admit of any doubt. 

Among the timber trees of the coniferous order found in the Atlantic forests, there is, then, 
scarcely a species presenting stronger claims to the attention of the forester than the Shortleaf 
Pine. As far as its demands upon climate and soil are concerned, it is capable of successfully 
establishing itself over the immense territory reaching from 30° to 38° north latitude and from 
the Atlantic Slope to the treeless plains of the West, embracing within these limits areas of wide 
extent, with all the conditions required for the best development of this species, and in great 
measure adapted to nothing better than the growth of timber. Of not less importance than its 
value as a timber tree are its facilities for natural renewal, resulting from the abundant crops of 
seed produced almost without failure every year and its aggressive behavior toward competing 
species in the successful struggle for the possession of the soil. 

From a closer observation of the young forests of spontaneous growth at different stages, it is 
apparent that in the establishment and rearimg of a forest of Shortleaf Pine, where mother trees 
exist, nature requires comparatively little assistance from the hands of the forester, and that the 
efforts of the latter will be chiefly confined to measures of protection against destruction by 
fire and against the injuries caused by inroads of live stock during the earlier stages of growth. 
That by thinning out, practiced after the first to the middle or end of the third decade, the forest 
growth would be benefited, there can be but little doubt. To what extent, by such interference, 
the production of merchantable timber can be promoted and in quantity and quality improved at 
the least cost remains a matter of future experiment. In the total absence of facts, based on 
experiment, no suggestions can be offered on these points other than such as can be deduced from 
the natural requirements of this species, as already discussed. 

In conelusion, it can be safely asserted that the Shortleaf Pine is destined to take a prominent 
place in the forest management of the future throughout the regions favorable to its growth, not 
only on account of its economic value in the natural forest, but also in holding out better pros- 
pects to the forest planter for the production of timber of higher quality in the shortest time 
than any tree of the same order in the Southern Atlantic forest region. That the methods of a 
rational forest management will have to be resorted to at no distant time can with certainty be 
predicted, although the timber wealth existing at present in the vast territory of its growth may 
appear enormous, 

Of great importance in the reforestation of large areas, this tree is of no less significance to 
the farmer who is aware of the advantages resulting from the restoration of the tree-covering on 
his denuded uplands, either originally unfit for profitable tillage or thrown out of cultivation after 
their exhaustion. By the facility of its natural renewal the Shortleaf Pine affords within a short time 
a firm protection to the light soil, preventing it from being carried away by wind and rain, providing 
a shelter for the crops and for insectivorous birds, a lasting income of increasing supplies of timber 
and fuel on lands that yield no other profit whatever, and to the lands abandoned after their 
exhaustion a chance for their recuperation while resting under the cover of its shade. 
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LOBLOLLY PINE (PINUS TADA). 


PEE LOBLOLLY PUNE: 


(PINUS T4£DA Linn.) 


HIsToRY AND DISTRIBUTION. 
PRODUCTS. 

DESCRIPTION, BOTANICAL. 
DESCRIPTION OF Woop. 
PROGRESS OF DEVELOPMENT. | 
CONDITIONS OF DEVELOPMENT. 
REPRODUCTION. 


105 


Roe, LOL LOLLY Se INE 


(Pinus taeda Linn.) 


Synonyms: Pinus taeda Linniens, Spec. Pl. ed. 1, ii, 1000, excl. habitat ‘‘ Canada paludosis” (1753). 
Pinus tada var. tenuifolia Aiton, Hort. Kew. ed. 1, iii, 368 (1789). 
Pinus teda Rafinesque, Flor. Ludovic. 162 (1817), nomen nudum. 


COMMON OR LOCAL NAMES. 


Loblolly Pine (Del., Va., N. C., S. C., Ga., Ala., Fla., Bull Pine (Tex. and Gulf region). 
Miss., La., Tex., Ark.). Virginia Pine. 

Oldtield Pine (Del., Va., N. C.,S.C., Ga., Ala., Fla., Miss., Sap Pine (Va., N. C.). 
La., Tex., Ark.). Meadow Pine (Fla.). 

Torch Pine (Eng. lit.). Cornstalk Pine (Va.). 

Shortleaf Pine (La.). Black Pine (Va.). 

Rosemary Pine (Va., N. C.). Foxtail Pine (Va., Md.). 

Slash Pine (Va., N. C.), in part. Indian Pine (Va., N. C.). 

Long Schat Pine (Del.). Spruce Pine (Va.), in part. 

Long Shucks (Md., Va.). Bastard Pine (Va., N. C.). 

Black Slash Pine (S. C.). Yellow Pine (N. Ala., N. C.). 

lrankincenuse Pine (lit.). Swamp Pine (Va., N. C). 

Shortleaf Pine (Va., N. C., S. C.). Longstraw Pine (Va., N. C.), in part. 
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By CHARLES Mour, Ph. D. 


INTRODUCTION. 


Among the trees remarkable for the part they take in the spontaneous renewal of the forests 
in the Southern Atlantic region after the destructive interference by man, the Loblolly Pine is most 
prominent. This readiness to occupy the ground lends to it a special economic significance in 
forest growth, aside from its value as a source of timber and as an abundant source of fuel. 
There can be no doubt that in the future management of the forests of the lower Southern States 
the Loblolly Pine will be assigned a highly important place. This view is confirmed by the fact 
that in the older of the States within the limits of its distribution, where the original timber 
growth has suffered greatest reduction, as in North Carolina, the second growth of this tree is 
largely depended upon to furnish the timber supply for the existing lumbering industry. 

Although known to have contributed to the necessities of the earliest settlers of these coasts, 
and forming at present a large part of the lumber supplies reaching the markets east and west ot 
the Mississippi River, the merits of the Loblolly Pine and its economic bearings are generally but 
little understood, wide differences of opinion about its value as a timber tree prevailing. Such 
diversity of opinion is in itself a sufficient reason for a fuller investigation of its life history. 

In the preparation of this monograph the writings of F. A. Michaux! and Rey. M. A. Curtis? 
and the report of the Tenth Census’ have been consulted. To Prof. Lester Ward and Mr. Canby 
thanks are due for valuable information on the distribution of the Loblolly Pine toward its 
northern limits. Much information of practical value was elicited by the Division of Forestry 
from numerous manufacturers of and dealers in lumber in the lower part of Virginia and in North 
Carolina, which has been largely quoted. 


HISTORICAL, 


The Loblolly Pine was recognized as a timber tree of value by the earliest settlers of lower 
Virginia and North Carolina. Its timber was largely used in the construction of their dwellings. 
Michaux states that three fourths of the houses in lower Virginia were built of Loblolly Pine, and 
that its mighty trunks, furnishing shafts of clear timber of largest size, were in early days held 
in high esteem for masts by the navies of the world. The distinctive characters of the tree were 
clearly understood by the earliest writers on North American botany. FF. A. Michaux defined 
the northern limits of the tree and its distribution in the southern Atlantic States, and first 
pointed to its economic value. The Rey. M. A. Curtis gives an account of its distribution in 
North Carolina and recognized the form distinguished in that State as Slash Pine or Rosemary 
Pine. Investigations of the forest growth by the writer, under the direction of Prof. Charles 
S. Sargent, for the Tenth Census, and later investigations made in the transmississippi region, 
under the direction of the Division of Forestry, have led to a more accurate knowledge of the 


‘Michaux, F. A. The North American Silva. Philadelphia, 1856. 

* Curtis, M.A. The Timber Trees of North Carolina. Geol. and Natural History Survey of North Carolina, 
Part III, Botany. Raieigh, 1860. 

‘Volume 9 of the Tenth Census. Charles §. Sargent. 
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distribution of this tree in the Southwestern States, to the establishment of its western and 
northern boundary lines, and to a more general appreciation of its economic importance in its 
eastern and western range. 


GEOGRAPHICAL DISTRIBUTION AND ECONOMIC HISTORY. 


The Loblolly Pine extends from the Delaware and Maryland peninsula through lower Virginia 
to Cape Malabar, in Florida, and all over the Gulf States and southern Arkansas to the Colorado 
River in Texas (see Pl. XVIII). The northern limit of the Loblolly Pine can be described by a 
line drawn from the lower part of Newcastle County, Del., through the District of Columbia, to 
Petersburg, Va., thence toward middle North Carolina, following in its western course nearly the 
thirty fifth degree of north latitude to the southern boundary of Tennessee, through southern 
Arkansas to the southeastern confines of the Indian Territory. Its most western station is an 
isolated tract of small extent near Bastrop, Tex., the sole and last representative of the Atlantic 
pines in the Southwest. 

Michaux the younger established the northern limit of the Loblolly Pine near Fredericks- 
burg, Va., between the Rappahannock and Potomac rivers; M. A. Curtis placed it in or close 
to the District of Columbia. Its occurrence in the District was, however, considered doubtful, or 
merely accidental, until in 1888 it was confirmed by Dr. George Vasey, who discovered a group of 
fullgrown trees in the woods near the Reform School. Mr. William Canby states that he found 
in the lower part of Neweastle County, Del, a good many Loblolly Pines, and from the point 
meutioned it becomes more and more plentiful and widespread in the Delaware-Maryland 
peninsula.” 

On the Atlantic Slope, near its northern limit, the Loblolly Pine occurs most frequently in the 
flat lands of the tidewater districts, forming rarely continuous forests, more frequently less com- 
pact bodies of timber, associated with the Shortleaf Pine, oaks, and other hard-wood trees. 

In Virginia this tree is not found beyond the northern limit of the Tertiary strata of the coast 
region, and is not met with west of Petersburg and Richmond. 

In the lower part of this State, as in North Carolina, the Loblolly Pine was formerly found in 
great perfection and abundance—broad forest belts of Loblolly alternating with forests of Shortleat 
in Michaux’s time. The original forests have, however, in a great measure disappeared, and their 
progeny, of second or third growth, is now depended upon as the principal source of lumber. 
On the lands exhausted by the earlier planters, and which have been abandoned for several 
generations, the timber of this Sap Pine, or Oldfield Pine, has in many localities attained dimensions 
and a degree of maturity fitting it for all purposes for which timber of the original growth is 
employed. This important fact is confirmed by parties engaged in the lumber business in south- 
eastern Virginia and in eastern North Carolina. 

From information received it is evident that in these parts the second growth of Lobloily Pine 
is chiefly depended upon for the manufacture of lumber. It is, however, to be presumed that the 
Shortleaf Pine contributes not a small part of the timber supply. Both of these trees are kncwn 
by the inhabitants as Shortleaf, or Shortstraw, Pine, and their timber is sawn indiscriminately ; the 
proportions of the lumber of either reaching the markets can therefore not be determined. Mr. 
Joseph Allard, jr., of Richmond, reports that most of the Virginia Pine is Loblolly Pine, and that 
every fifty years will produce trees large enough for sawlogs, three to each tree, averaging 16 feet 
in length. Mr. Sparrow, of Brooke, Stafford County, states that the pine of this county, and in 
Caroline County, is almost entirely of the Oldfield Pine (Loblolly Pine), and that in the latter from 
thirty to forty sawmills are cutting this pine. Messrs. J. BE. and Edward Rogers, from Suffolk 
County, each remark that “large quantities of lumber are manufactured from Oldfield Pine, which 
is fast taking the place of Yellow Pine (Pinus echinata), the latter having been used up by the 
sawinills in this section.” The young timber is, according to the same accounts, cut into joists, 
uprights, and other square stuff for framing; the best quality is selected for flooring, ceiling, and 
other inside finish, the lumber being sold under the name of Virginia Pine in the markets of 
Washington, Baltimore, and Philadelphia. 

On the coast of southern Virginia the Loblolly Pine forms about 75 per cent of the timber 
standing. According to all accounts the original growth is rapidly disappearing, but the exceed- 
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ingly large area of exhausted lands abandoned in that section by the cultivators during a long 
period of time has been taken entire possession of by this tree. 

In North Carolina the Loblolly is the predominating tree throughout the eastern coast plain and 
in the lower part of the State, where it forms extensive forests, more or less frequently interspersed 
with Longleaf Pine. South of Cape Fear River, however, the latter prevails almost exclusively. 
In the extensive region watered by numerous streams flowing into Albemarle and Pamlico 
sounds, in the rich, moist soil of the wide swamps above tide water, the Loblolly reaches its best 
development, attaining dimensions which place this tree among the timber trees of first order. 
The primeval forests of this pine have, however, almost completely disappeared in this regien, 
and with them the gigantic trees of this species known by the people as Rosemary Pine, once so 
highly prized and eagerly sought in shipbuilding. Farther south, in the low pine barrens, this 
tree is largely superseded by the Longleaf Pine, and is principally confined to the borders of the 
swamps and to the bottoms along the water courses. Throughout the lower part of the coast pine 
belt, after the removal of the original timber growth, the progeny of the Loblolly Pine immediately 
takes possession of every opening, and particularly of the fields thrown out of cultivation. 

“The principal kinds of Loblolly recognized by the lumbermen under distinct names are: 

“1. Rosemary Pine, the best kind from the trees of best development, of a fine grain but heavy, 
hard, durable, with but a small proportion of sapwood. At present scarcely known by name at 
the mills in the section where half a century ago it abounded. 

“2. Swamp or Slash Pine, of a coarser grain, with about one-half of the diameter of the tree in 
sapwood. This kind comprises most of the timber of original growth, and the oldest and best 
matured second growth. 

“3. Oldfield Pine, by the rapidity of its growth, is very coarse-grained and for the greater part 
sap, scarcely one-fourth of the diameter being heart. At present the principal source of the timber 
supplies in the coast region.” ! 

At the sawmills at Goldsboro, close to the border of the Longleaf Pine region, over 50 per cent 
of the lumber sawn is Loblolly Pine. On a trip through the forests between the Neuse and Trent 
rivers it was observed that the Loblolly Pine forms over two-thirds of the tree covering, almost 
entirely of second growth, of dimensions to furnish sawlogs of from 10 to 18 inches mean diameter 
by a length of from 15 to 30 feet. The sandy swells and knolls rising above the flats originally 
covered with the Longleaf Pine are not infrequently occupied by a young growth of Loblolly. The 
mills at Newbern and vicinity are almost solely depending for their lumber supplies upon these 
forests ef second growth. The same conditions are prevailing in Duplin and in Pender County, 
by the reports of operators. Mr. C. C. Williams, at Teacheys, in Duplin County, states that 66 
per cent of the timber sawn is Loblolly Pine, mostly of second growth, furnishing timber for 
creosoting and lumber for building purposes. 

Mr. Bauman, at Burgaw, reports that the Oldfield Pine (Loblolly of second growth) is coming 
more and more into use every year, and the demand for this kind of lumber is greatly increasing. 
In a number of the Newbern journals of 1891 it is stated that over 60,000,000 feet of lumber, 
board measure, were produced in 1891 by the mills of that place and the vicinity. In the bulletin 
quoted the output of the nine mills in operation during 1893 is given at 38,000,000 feet, board meas- 
ure. The timber delivered at the mills sells for about $5 per 1,000 feet, and the price of rough 
lumber averages $12. 

In the latest report on the forests of North Carolina the acreage of the Loblolly Pine, including 
the land covered with the second growth, and where the Loblolly Pine is taking the place of the 
Longleaf Pine, is stated as exceeding 4,000,000 acres. The standing merchantable timber ean be 
said to cover 1,150,000 acres. Allowing 4,000 feet, board measure, to the acre, this will make 
4,600,000,000 feet of standing Loblolly Pine in 1893. The total cut of Loblolly Pine for the same 
year has been reported at 290,000,000 feet, board measure.” 

In South Carolina and Georgia the Loblolly Pine is confined all over the coast pine belt to the 
more or less swainpy borders of the pine barrens scattered among the broad-leaf evergreens and 


_ 1 The Forests, Forest Lands, and Forest Products of Eastern North Carolina, W.W. Ashe, p. 41, Bull. 4, N.C. 
Geol. Survey. 
2W.W. Ashe, Bulletin No. 5, North Carolina Geol. Survey, Raleigh, 1894, p. 41, 
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deciduous trees peculiar to these latitudes—the Magnolia, Sweet and Red Bay, Black Gum, and 
Titi, associated with the Cuban Pine. The timber of the Loblolly Pine produced in these swamps 
is of inferior quality, with the sapwood from 4 to 5 inches on a radius of from 8 to 12 inches. It 
has been noticed that among the original tree-covering Loblolly Pines above 2 feet in diameter 
were frequently found affected with dry or red rot. 

On the dry rolling pine uplands of these States to the foot of the mountain ranges, rising to an 
elevation of 800 to 1,000 feet above sea level, as well as of the Gulf States east of the Mississippi, 
this pine is found more or less dispersed among the hard-wood timber, but is considered of no value 
except for fuel; the trees branch a short distance above the ground and the timber is too knotty to 
be fit for lumber. 

live trees from the damp, flat pine barrens bordering upon the swamps, felled for test logs in 
Hampton County, 8. C.., showed the following dimensions: 


Measurements of five trees. 


Number of Diameter Diameter Sapwood 


Height Length of | 


rings on at breast esha rE below on radius 
stump. high. of tree. | timber. crown. of butt. | 
| = pes ; isl 
Inches. Feet. | Feet. Inches. Inches. | 
103 26 | 118 55 17 
103 | 4 118 70 | 14 4h 
80 | 17 103 66 13 3h 
| 95 19 112 | 53 | Patna a Ss | 
63 14 | 90 | 54 | 9 Shea 


In peninsular Florida the Loblolly Pine is more rarely found, its place in the old fields being 
taken either by Cuban Pine or the Florida Oldfield Pine (Pinus clausa). 

In the eastern Gulf States throughout the coast pine belt the Loblolly Pine is scattered along 
the swamps bordering the water courses. Until of late years it has been cut only on special orders 
for low-priced stuff intended for temporary purposes. As an instance, the fact may be cited that 
the millions of feet of square sawn timber and of lumber required for the buildings of the New 
Orleans World’s Exposition were mostly Loblolly Pine, sawn at Pearlington, Miss. Since the 
introduction of the dry-kiln it is extensively used for flooring and inside finish. In the fresh, deep 
soil of light loam of the coast plain and the valleys in the upper part of the pine belt—the region 
of mixed growth—this tree is found in great perfection. In these districts it furnishes clear sticks 
of from 50 to 60 feet and over in length. A considerable proportion of the long and heavy sticks of 
hewn timber reaching the Mobile market for export as “pitch pine” coming from the upper 
division of the coast pine belt in Alabama are Loblolly Pine. The timber of the Loblolly Pine from 
the table-lands of north Alabama is of excellent quality, with but a small proportion of sapwood 
from 2 to 3 inches on a radius of from 10 to 12 inches, heavy, of a fine close grain and hence of 
greater durability and strength. The lumber from that region finds a ready market, being used 
for all the purposes of the house carpenter, and is indiscriminately sold with the product of the 
Shortleaf Pine. 

On the table-lands of the Warrior coal field the Loblolly Pine is better developed than in any 
other part of this or the adjoining State of Mississippi. If not found in compact forests of any 
considerable expanse, it forms bodies of heavy timber covering the flat and badly drained tracts, 
from a few to many acres in extent, associated with the hard wood growth peculiar to a moist soil. 
It might be said that about one-half of the pine timber growth of these highlands consists of the 
Loblolly Pine. 

The following measurements haye been taken of trees felled in Cullman County, Ala., from 
heavily timbered land several acres in extent: 


Measurements of four trees. 


Rings on | Diameter | Height of | Length of | 


stump. breast high.| tree. | timber. 
=y! ZI 
Inches. | Feet. Feet. 
| 78 21 101 41 


156 24 | 103 40 | , 
100 22 104 45 
137 ly 106 57 
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In Louisiana, west of the Mississippi bottom, the Loblolly Pine is found frequently scattered 
in the level woods bordering upon the grassy marshes of the coast. North of the region of the 
Longleaf Pine on the pine flats with a poor, sandy, undrained soil, between Lake Beaudeau and 
Bayou Dauchitt, extending to the Arkansas State line, this species forms the principal tree 
covering. The tree is cut only for local consumption in the absence of means of transportation. 

In Arkansas heavily timbered forests of Loblolly Pine cover the flat woods in the southeastern 
part of the State and the region of the Tertiary and Post-Tertiary formation. The lower levels in 
the rolling uplands are covered with heavily timbered forests of the Loblolly Pine. It forms in this 
State an important factor in the manufacture of lumber. From observations made in the logging 
camps in connection with the principal points of production along the St. Louis and Iron Mountain 
Railroad south of Gurdon and on the St. Louis and Southwestern Railroad it can be safely assumed 
that about one-half of the lumber cut and shipped as “ Yellow Pine” to Northern markets from 
southwestern Arkansas is Loblolly Pine, the other half being Shortleaf. The flood plain of the Little 
Missouri River and the Ouachita River is covered with extensive forests of this tree. The deep 
soil, a stiff sandy loam, flooded after every rainfall, produces a heavy and finely developed timber 
growth. Upon one acre, representing fairly the average of the merchantable timber standing, 30 
trees were counted of from 12 to 45 inches in diameter at breast high; of this number were found: 
One tree 48 inches in diameter at breast high, length of timber estimated at 40 feet; one tree 36 
inches in diameter at breast high, length of timber estimated at 35 feet; three trees 30 inches in 
diameter at breast high, length of timber estimated at 35 feet; seven trees 23 inches in diameter 
at breast high, length of timber estimated at 35 feet; three trees 15 inches in diameter at breast 
high, length of timber estimated at 35 feet; fifteen trees 12 to 15 inches in diameter at breast high, 
leugth of timber estimated at 24 feet. 


Measurements of four trees. 


Diameter | Height of Diameter Length of 


Rings on | at breast below 


stump. | high. | tree. crown timber. 
| | | 
| | 
| Inches. | Feet. | Inches. | Feet. | 
85 | 17 85 | 12 47 | 
150 21 105 14 58 
83 | 20 96 | 2 37 
110 | 22 109 12 68 


The timber of these trees was almost free of any defects; sap from 3 to 4 inches on radius. 

In Texas this species is distributed in greater or less abundance to the south and southwest 
of the Shortleaf Pine region over an area exceeding 6,800 square miles. ‘There is even less basis 
for statistical statements regarding timber standing at present and consumption than for the 
Shortleaf Pine, since it is not even recognized as a particular species, and always cut together 
with the latter, especially between the Trinity and the Brazos rivers. No data have lately been 
obtained of the annual production of lumber derived from the Loblolly Pine forests in this State, 
but in the light of the statements of the Tenth Census! it must contribute largely to the timber 
supplies of this State. According to this authority, the merchantable timber of Loblolly standing 
in 1880 was estimated at 20,907,000,000 feet, board measure, and the cut for the same year at 
61,500,000 feet, board measure. 

PRODUCTS. 


VALUE AND USES OF THE WOOD. 


Considered solely as the source of furnishing an abundant and cheap material for purposes 
where strength and durability are not the first considerations, the Loblolly Pine would be entitled 
to take its place among the timber trees of greater importance. The average tree of full growth, 
as it is geuerally found in the original forest on a poorer soil, furnishes timber with a fair proportion 
of heartwood, with sticks of from 30 to 50 feet and over in length, free from blemish and in some 
points scarcely inferior to the timber of the Shortleaf and sometimes even of the Longleaf Pine. 
In fact, the selected lumber of Loblolly classes with the latter in many of the markets for the same 


1 Charles 8S. Sargent, report of Tenth Census, Vol. IX, p. 541, 1884. 
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uses by the house carpenter, while the inferior grades are largely consumed for secondary 
purposes. Of late years the value of the lumber even of lower grades has been much enhanced 
by the process of kiln-drying, now universally introduced into the mills. After the removal of 
the water from the sapwood by exposure to a current of heated air, the lumber loses its proneness 
to get discolored or to “blue” by the rapid development of the mycelium of a fungus and greatly 
gains in its capability of a good finish, as well as in durability, and is thus rendered suitable for 
many purposes for which, without such treatment, it would be rejected. 

The consumption of Loblolly Pine lumber is constantly on the increase in the markets of the 
North, as the lumber of the White Pine becomes scarce and more expensive. The sappy timber of 
secoud growth is every year coming more in demand, especially in foreign markets, where this 
cheap timber is rendered durable by creosoting. In the highest state of perfection, which is only 
attained in the regions most favorable to its development, no other pine was deemed of higher 
value or was more eagerly sought after for masts and other heavy spars of ships. Before the 
use of iron in naval construction for these purposes, the Loblolly Pine timber of largest size was 
eagerly contracted for in all the Southern ports by every one of the maritime powers of Europe. 
In consequence, the trees which could furnish timber of the dimensions and qualities required for 
such purposes have become exceedingly scarce, and can be said to have almost entirely disappeared. 

The Rey. M. A. Curtis, in his account of the Loblolly Pine,! quotes the following statement on 
the habitat and the dimensions of this tree, from the pen of Mr. E. Ruffin, of Virginia, which, 
illustrating a feature of the life of the Southern forest forever past, I can not refrain from intro- 
ducing here: 

This (Slash Pine) tree grows only on low, moist lands, and is the better for timber and grows larger in proportion 
to the richness of the land. Among other gigantic forest trees on the rich and wet Roanoke swamps, mostly of oak, 
poplar, gum, ete., the few pines which yet remain tower aboye all others; I have visited several standing trees and 
stumps of others which have been cut down and which measured 5 feet in diameter, and were supposed to have been 
from 150 to 170 feet high. 

In evidence of the dimensions of the trees, the writer gives the sizes of the squared sticks cut 
in Bertie County, made into a raft, and shipped in 1856 by way of the Dismal Swamp Canal to New 
York. These sticks varied from 50 to 86 feet in length by a mean diameter of from 26 to 31 inches, 
containing from 547 to 537 cubic feet each. Remarking further: 


All of these sticks are nearly all heartwood; thence it follows that the proportion of heartwood must have 
been very large, the timber must haye been resinous or it would not be good, and it inust be durable or it would not 
serve for masts and other long spars for ships exposed to the alternations of wetting and drying, and for which only 
the best materials are permitted to be used. 

The inferior growth of the Loblolly Pine furnishes vast supplies of cordwood. Immense 
quantities are shipped from the coast of Virginia and North Carolina to the large cities on the 
Atlantic seaboard. It is chiefly used where a brisk flame with a quick heat is required, viz, in 
bakeries, brickkilns, and the kilns of potteries. In its fuel value, the wood of this tree ranks with 
the better class of resinous trees. Large quantities of the wood are also used for the burning of 
charcoal. 


RESINOUS PRODUCTS. 


Regarding the production of resinous products from this pine there has existed a wide 
divergence of statements. A. I’, Michaux states that this tree affords turpentine in abundance, 
but of a less fluidity than that of the Longleaf Pine, and suggests that as it contains more sapwood 
a deeper incision would yield alarger product. Rey. M. A. Curtis follows Michaux in this statement, 
and the writer, relying upon the information from operators in south Alabama, was also led into 
the error of supposing this tree to yield an abundance of resin for distilling, similar to the free- 
flowing resin of the Cuban Pine, and published a statement to the effect that this tree was tapped 
wherever found. A trial box made at the request of the writer seemed to confirm the opinion as 
to the character of the resin. It appears now, however, that the tree boxed (not inspected by the 
writer) could not have been a Loblolly, for lately a number of true Loblolly Pines, tapped accident- 
ally in a turpentine orchard, were found in Washington County, Ala., and showed that the resin 


'M. A, Curtis: Trees and Shrubs of North Carolina, Raleigh, 1860, p. 23. 
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of this pine does not flow freely and hardens so rapidly on exposure that it can not be profitably 
worked. An experienced operator at the place confirmed this to be the experience everywhere 
with this kind of pine. The statements regarding the use of this tree for its resinous product can 
therefore only be explained by a confusion of names applied to the different pines, and it was 
most likely the Cuban Pine to which the operators referred. 

In a report lately published by the State geologist of North Carolina the remarkis made: “ It 
is said that the crude turpentine of the Loblolly Pine has so much water in it that it yields only 
a poor spirits of turpentine.”' This, to be sure, is a misconception; but the statement confirms 
the fact that this species is not tapped for its resin, which had also been observed by the writer a 
short time previously in the Loblolly Pine forests of North Carolina as well as South Carolina and 
Georgia. 

From an extensive series of analyses of the resin of fresh specimens of both Longleaf and Loblolly 
Pine collected in Georgia and South Carolina, it appears that the wood of Loblolly contains but 
little less resin than that of Longleaf; that the distribution of resin in the log is practically the 
same, and, what seems most remarkable, that the composition of the resin, as far as the relation 
of spirits of turpentine and rosin is concerned, is nearly the same (being quite variable in both), so 
that the absence of free ‘ bleeding” or abundant resin exudation can not be due to a lack of liquid 
oil, but must be caused by other physiological peculiarities. 


NOMENCLATURE AND CLASSIFICATION, 


The Loblolly and half a dozen other species, mostly Pacific and Mexican,’ form a natural group 
of timber trees included in Englemann’s Hutada, which might fitly be designated as the group 
“torch pines,” and can be characterized as embracing trees, mostly of larger size, with more or 
less resinous, coarse grained wood, long leaves by threes in a fascicle, and with lateral cones pro- 
vided with thick, woody scales bearing a stout, sharp prickle. The distinctive characters of this 
species have been early recognized by Pluckenet, one of the earliest writers on American plants? 
and Linneus described the tree under the name of Pinus teda* which was adopted subsequently 
by all botanists. The name given to this pine by Linnzeus in 1753 has never been changed. In 
1789 Aitan established a variety, P. Teda var. tenuifolia (Hort. Kew., III, 368), which, however, 
has not received recognition. 


BOTANICAL DESCRIPTION AND MORPHOLOGY. 


Leaves three in the close, elongated sheath, 6 to 9 inches long, slender, stiff, rigidly pointed, channeled, and 
strongly keeled on the upper side, of a pale green color; cones nearly sessile, single, in twos or threes, roundish-ovate 
or oyate-oblong, about 3 inches long, with the scales hard and woody, the pyramidal apophysis with a strong, 
recurved prickle; seeds small, their wing an inch or over long. 

This species is easily distinguished from its most frequent associates—the Longleaf and Short- 
leaf Pine—by its slightly glaucous foliage at all seasons, and by its more slender and almost 
smooth terminal buds; from the former and from the latter by the more robust shoots and buds; 
and from both the species named, and also from the Cuban Pine, by its characteristic cones. 


ROOT, STEM, AND BRANCH SYSTEM, 


The stout taproot of this pine is assisted by powerful laterals which divide into numerous 
branches and descend into the soil, usually at a short distance from the trunk; but where a hard, 
compact subsoil is encountered they are often seen to run for a greater or less distance near the 
surface. In the localities most favorable to its growth, the massive trunk of the Loblolly Pine is in 
its dimensions not surpassed by any other pine of the Atlantic forest region. In such cases the 
tree attains a height of 120 to 150 feet and over, with a diameter of from 4 to 5 feet breast high, 
and with the trunk clear of limbs for a length of from 60 to 80 feet. 


‘ The Forests, Forest Lands, and Forest Products of Eastern North Carolina, by W.W. Ashe. Bulletin 5 of the 
Geological Survey of North Carolina, 1895. 

2?Engelmann’s revision of the genus Pinus. Transactions of the St. Louis Academy of Sciences, jvol. iy, p. 177. 

3Pluckenet: Amalges tum botanicum. London, 1696. 

4Linnieus: Species plantarum, 1000, 1753. 
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EXPLANATION OF PLATE XIX. 
[Figures natural size, except when otherwise noted. ] 


Fig. a, branch bearing male inflorescence; 6, young fascicle of leaves (spring); ¢, d, forms of mature leaves; e, 
transverse section of leaf bundle showing structural characters of the leaf (as explained for Pinus echinata, f, f); 
magnified 20 diameters. 
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PINUS T42DA: MALE FLOWERS AND LEAVES. 


BOTANICAL DESCRIPTION OF LOBLOLLY PINE. aLales: 


Such trees, however, have at no time been plentiful and at present are rarely met. In its 
average growth the diameter of the trunk, breast high, measures from 20 to 24 inches, and the 
height from 95 to 110 feet. In wet places, somewhat distended at its base, the trunk tapers very 
gradually to the crown, which covers from one-third to one-half of its height. The lowest limbs 
are horizontally spreading, and toward the upper part of the tree they become gradually more erect. 
The largest limbs are rarely found over 20 féet in length. The primary branches dividing in a 
regular order of ramification into numerous branches and branchlets, the crown becomes full and 
compact toward the top. The bark of the full-grown tree is, in the lower part of trunk, from 1 to 
1$ inches thick, generally rough, of a grayish color, becoming smoother, flaky, and reddish brown 
as the tree grows older. 

LEAVES, 


The leaves are united, to the number of three, in a smooth, close sheath, which in the young 
foliage is about 1 inch long and in the next season scarcely half that length. (Pl. XIX, ¢, b, d.) 

In the bushy growth of less than ten years the leaves are scarcely 5 iuches in length, resem- 
bling closely the foliage of the Shortleaf Pine of equal age. Prof. L. Ward notes this resemblance 
as a Singular fact, which, as he very pointedly remarks, has the effect of obscuring the gradual 
appearance of this species among the young growth of the Shortleaf Pine.! In the following 
years the leaves are from 7 to 9 inches long, less densely crowded on the slender branches than in 
the Longleaf and Cuban Pine, and persisting to the third year; the foliage is of a more open spray. 
The leaves are stiff, slightly twisted, roughish on the finely serrulated edges and the prominent 
midrib, channeled on the upper side, abruptly tipped by a rigid, sharp point (Pl. XIX, ¢, d), and 
of a pale green color. They are scarcely one-sixteenth of an inch wide, about half as thick, and 
present in the cross section on the dorsal side a convex and on the ventral side a strongly trian- 
gular outline. Examined under the microscope they show on both surfaces from 10 to 12 rows 
of rather large breathing pores (stomata), alternating with rows of numerous hypodermal or 
strengthening cells, in several layers. The cells of the bundle sheath are thin walled; the fibro- 
vascular bundles are, on their ventral side, surrounded by a single row of small strengthening 
cells. The rather large resinous ducts, from 3 to 5 in number, are peripheral, and placed irregu- 
larly mostly about the angles (Pl. XIX, e¢); sometimes smaller ducts are observed close to the 
bundle sheath. 


FLORAL ORGANS. 


The staminate flowers are crowded, from 18 to 20 in number, below the apex of the youngest 
shoot. (Pl. XIX,a.) They are from three-fourths to one inch long, of sulphur-yellow color, and 
surrounded at the base by from 8 to 10 ovate to lanceolate, leathery, involucral seales; the 
lowest pair is much shorter than the others and strongly keeled; those of the uppermost row are 
longest, narrow, lanceolate, and reflexed. The anthers are crowned with an erect orbicular crest. 
After the discharge of the pollen the flowers are gradually shed. The pistillate flowers form an 
oblong, erect catkin, borne on a short stalk, singly, in pairs, sometimes 3 to 4, below the apex 
of the shoot (Pl. XX, a) of the season, which by the time of blooming has already reached a 
length of several inches and is covered with the well-advanced leaf buds. Including their stipe, 
the female aments are about one-half to three-fourths of an inch long, surrounded by from 15 to 
20 involueral scales similar to those of the staminate flower. The carpellary scales are ovate, 
lanceolate, tapering to a sharp, erect, and somewhat reflexed and twisted point. The small bracts 
subtending the scales are orbicular, scarcely covering their base. 

The flowers open, in the coast region of the lower Southern States, about the second week of 
March (Mobile, Ala., March 15 to 20), and in the interior from four to five weeks later (Cullman, 
Ala., April 25). 

Immediately after pollination the female catkins increase rapidly in size; before ten days have 
passed the carpellary scales have doubled in size, and their tips become stiffly erect, the bracts 
having remained stationary in their growth, and the fertile shoots having grown to the length of 
S inches and over. This period passed, the growth of the conelets during the rest of the season 
proceeds very slowly. 


'L. Ward: Botanical Gazette, February, 1886. 


EXPLANATION OF PLATE XX. 


Fig. a, branch bearing two subterminal aments of female flowers at end of shoot of the season; b, immature 
cone of one season’s growth; c, mature closed cone of two seasons’ growth; d, mature open cone after shedding 
seed; e, cone scale, outer or dorsal side, showing the broad umbonate apophysis end with its sharp transverse 
ridges and the stout reflexed prickle; f, inner or ventral view of the same with the seed in place; g, seed and wing 
detached. 
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FEMALE FLOWERS, CONE, AND SEED. 


PINUS TADA: 


DESCRIPTION OF THE WOOD OF LOBLOLLY PINE. 5 bo 


At the beginning of the second season the immature cones are scarcely one-half inch wide and 
less than an inch long (PI. XX, b), and from that time on increase in size and by the following 
October have reached their maturity. The ripe cones are lateral, almost sessile, broadly conical or 
ovate in shape, rarely over 3 inches in length (PI. XX, ¢, d), when fully opened 14 to 2 inches wide, 
and of a light wood-brown color. The pyramidal, swelled, exposed ends (apophyses) of the hard, 
woody scales with a sharp transversal ridge are armed with a stout, straight, or slightly reflexed 
prickle. (Pl. XX, e.) Having reached their maturity, the cones open slowly, the seeds being grad- 
ually discharged during the fall and winter seasons. The cones are apt to remain on the tree till 
the end of another year, and when they finally separate from the branch by the breaking loose of 
their very short stalk, leave none of their basal scales behind. The seeds are irregularly truncate 
or rhomboid in outline, inflated, sharp-edged, with two to three more or less distinct ridges, rough- 
ish, dark brown to almost black, and surrounded to the base by the narrow border of their delicate 
wing (Pl. XX, g, /), which is over an inch long and from one-fourth to one-eighth of an inch wide. 


THE WOOD. 


Among the pines of the southern Atlantic forests noted for their economic importance the 
Loblolly is held least in value as a timber tree. This opinion is chiefly founded on the lesser 
durability of its wood, being more speedily given to decay under the combined influences of 
dampness and air, and also on the supposition of its being of less strength than the other pine 
timbers. There is scarcely a timber tree existing that shows wider differences in the quality 
and value of the timber. This is strikingly demonstrated when the timber of a tree of full 
average growth, grown on land broken by the plow, is compared with the timber of a tree in its 
highest perfection taken from the primeval forest. In the former case the wood is crossgrained, 
sappy, and quick to decay. In the latter it is finer grained, resinous, has less sapwood, and 
approaches the timber of the Longleaf Pine. 

Tn general, the well-marked, lighter-colored sapwood is quite broad, and usually about 4 inches, 
frequently 6 inches and more. It is wider in young, thrifty trees, narrower in old and stunted or 
slow-grown timber; forms about 60 to 70 per cent of the total volume of stems over one hundred 
years of age, and 80 to 90 per cent of trees sixty to one hundred years old. The formation of 
heartwood does not begin before the age of twenty-five, the process being retarded as the tree, or 
better the particular part of the stem, grows older, so that while the innermost sapwood in a log 
or disk with twenty-six rings is twenty-five years old, the innermost sap ring is thirty-five years 
old when the log attains the age of forty-five; it is forty-five years old when the log is sixty-five, 
and about seventy or even more years old when the log reaches the age of one hundred and fifty 
or two hundred. It follows that the sapwood is formed of fewer rings in young trees and in the 
upper part of older stems, but owing to the greater rapidity of growth in these parts the width of 
the sapwood does not always follow this same law. Since neither width of the ring, nor that of 
the denser summerwood, the thickness of the cell walls, nor any other important structural feature 
is changed when the wood of any ring changes from sap to heart wood, the prevalent notions 
of sapwood being necessarily either coarse or fine grained, light, and weak, are erroneous. The 
sapwood of a young, well-grown tree is coarse-grained, heavy, and strong; that of an old tree is 
fine-grained, light, and weak. Since durability on exposure is not to be expected of the sapwood 
of any pine, the prejudices against the sapwood, and therefore all young timber of this particular 
kind, are unwarranted. With proper treatment, it will serve all purposes for which any pine wood 
of its grain and weight can be employed. : 

Owing to the great amount of water-soaked sapwood the weight of green Loblolly timber is 
very great, varying chiefly between 50 and 55 pounds to the cubie foot, with the sapwood com- 
monly approaching 60 pounds to the cubic foot. Kiln-dried, the wood of the entire trunk of trees 
one hundred to one hundred and fifty years old weighs about 33 pounds per cubic foot. In such 
trees the wood of the log 50 feet from the ground is about 20 per cent lighter (and weaker) than 
that of the butt log, and the wood next to the bark in the butt log is 15 to 20 per cent lighter than 
the wood of the inner fifty to sixty rings. 

In strength the wood of the Loblolly varies chiefly with weight (the same degree of seasoning 
always presumed), and keeping this in mind, compares favorably with that of any other conifer. 
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For well-seasoned wood, the following figures represent the average of hundreds of tests on 


specimens specially collected for this purpose: 
Lbs. per sq. inch. 


Modulus of elasticity.c--o- oe aoe teen tne oe eens eee eee bee 1, 950, 000 
Transverse atrength joc. 55 Si cec ccs en exes eee ee ene eee 10, 100 
Compressl0n GUGWiRGts = ~ 6 oe eae ees ae ae ae ree ee 6, 500 
Shearing wi thi vibe Dele cae enn een re eee ere 690 


Since the average weight of the test pieces was 40 pounds per cubic foot, being heavier than 
the average weight of the wood, these figures must be taken about one-sixth lower than given 
above to represent the true average for the wood of the species. 

Like the wood of most conifers, that of Loblolly dries easily and rapidly. In doing so the 
green lumber loses a large amount of water, dependent chiefly on the proportion of sapwood. 
Though quite variable, the water in fresh sapwood commonly forms 50 to 60 per-cent of the weight, 
while in heartwood it little exceeds 25 per cent. 

The shrinkage consequent on drying amounts to 11 to 12 per cent of the volume; is greater in 
the lumber of the butt than in that from the top logs, varying in this respect from 15 per cent at 
the butt to about 10 per cent in the top, a difference which appears due to the difference in the 
weight of the wood of the different sections. As in other pine, about two-thirds or seven-eights 
per cent of this shrinkage falls to the tangent (i.e., is along the rings) and about 4 to 5 per cent 
to the radius. 

In kiln-drying, the wood may be taken fresh from the saw and behaves extremely well, suffering 
no great injary, a fact which has greatly enhanced its value by facilitating its exploitation. 

Por the details of wood structure, consult the comparative study by Mr. Roth appended to 
these monographs. 

PROGRESS OF DEVELOPMENT. 


The crops of seed are produced quite abundantly every year and copiously dispersed over the 
vicinity of the mother trees by the wind, the offspring quickly taking possession of old fields and 
clearings in the forest. 

The seeds germinate in the early spring. The ends of the cotyledons remain for a short time 
after germination inclosed in the endosperm. The number of the germinal leaves (cotyledons) is 
mostly six, rarely seven. At the time of the unfolding of the cotyledons the lower (hypocotyle- 
donary) part of the axis of the plant is about 1 inch in length. The rootlets are half that length, 
and are provided with several acropetal secondary rootlets. The caulicle grows rapidly, and is 
soon covered with the stiff, needle-shaped, and strongly serrulated primary leaves. Before the 
spring season has passed the bundles of secondary or foliage leaves make their appearance in 
the axils of the former. At the close of the summer season the plantlet has attained a height of 
from 6 to 8 inches, the upper part of the stem covered with foliage leaves, the acerose primary 
leaves of the lower part having completely withered. In examining a large number of young 
plants never less than three leaves in a bundle have been found during this or any subsequent 
stage of the growth. With the second year the primary leaves have all become reduced to the 
ordinary form of the leaf bract—lanceolate, acuminate, with fimbriate white hyaline edges and tips. 

In all the specimens examined it was found that the growth of the main axis proceeded Jess 
rapidly during the second session, but produced a regular whorl of from three to four lateral axes. 
At the close of the second year the main stem rarely exceeds 10 inches in height. 

At the end of their third year the plants are from 18 to 20 inches high, the stem being from 
one-fourth to five-sixteenths of an inch in thickness. The branches, forming regular whorls, are 
erect and produce in their turn whorls of secondary order. The root system shows a correspond- 
ing increase, the taproot being from 6 to 8 inches long, with numerous stout lateral roots. 


RATE OF GROWTH. 


With the fourth year the Loblolly Pine enters seemingly upon the period of quickest growth. 
As ascertained by many measurements, the trees at the end of their fourth year average 3 feet in 
height and from one-half to seven-eighths of an inch in diameter, and at the end of the fifth year 
measure nearly 5 feet and from 1 to 14 inches in diameter. At the beginning of the seventh year 
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the tree attains a height of 10 feet, and with the close of the first decade trees are found 12 to 16 
feet high and from 23 to 3 inches in diameter. Some trees begin to mature their first cones by the 
tenth year. 

The above measurements were made in 1890 in the vicinity of Cullman, Ala., on trees taken 
indiscriminately from the midst and near the border of a dense pine thicket covering a field plowed 
for the last time in 1882, and from an adjoining opening in the forest protected from fire and but 
rarely used for pasture. 

According to a number of measurements made of trees in the southern Atlantic States, the 
Gulf region, and southern Arkansas, the Loblolly Pine reaches at the tenth year, on the average, 
a height of 20 feet, doubling this height during the succeeding decade. During this period of 
quickest growth the increase in height proceeds at the rate of 2 feet per annum, and trees twenty 
years old average 44 inches in diameter breast high. At the age of fifty years the trees are from 
65 to 75 feet in heigut (average about 70 feet) and 15 inches in diameter breast high. The annual 
increase for this period of thirty years is about 1 foot in height and 0.35 inch in diameter. From 
numerous observations it appears that the Loblolly Pine attains the fullness of its growth at the 
age of one hundred years, with a height, on the average, of 110 feet and a diameter breast bigh 
of 2 feet, the length of merchantable timber varying between 50 and 60 feet. The annual rate of 
height growth during the second half century is about eight-tenths of a foot, and the diameter 
growth eighteen one-hundredths of an inch. Henceforth the growth in height remains almost 
stationary. A dozen trees from one hundred to one hundred and fifty years old were found to 
vary from 99 to 125 feet in height, with a length of trunk free from limbs of from 60 to 68 feet and 
from 19 to 27 inches in diameter at breast height. 

From the annexed tabulated records of growth it becomes evident that under similar conditions 
of soil and exposure the rate of increase for the various stages of growth show but slight differences 
in localities widely distant from each other. 


TABLE I.—Growth from five to fifty years. 


S No. of Diameter |Height to} Total | vals | 7 = 
No: ofvtres- rings. |(breast high). first limb.) height. | ECOL I Remarks. 
Inches. Feet. | 
5 it} 5,8,, Cullman, Ala ..-| Clearing made for pasture in 1879; dense pine thicket. 
5 Ud + d os Do. 
s 6 2 |. TOM Do. 
= 6 14 |. ten} Do. 
6 13 |- 838,| Whistler. Ala...| Edge of swampy hummock. 
7 23 |. 10 | Cullman, Ala...| Clearing, dense pine thicket. 
7 3} |. 1 Do. 
9 2% |. Do. 
9 22 |. Do. 
10 23 Do. 
11 2 Do. 
12 33 Do. 
12 3h 72 Do. 
12 23 10 .| Edge of hummock,. 
13 25 13 19 | Gurdon, Ark.-.-| Open forest; exposure free. 
13 24 13 20 Eastman, Ga..-. Do. 
14 3 10 25 | Whistler, Ala...| Edge of hummock; slightly oppressed; partially covered. 
14 23 8 21 | Eastman, Ga--.-.| Opening in forest; under cover; fresh soil. 
14 2 7 21 | Gurdon, Ark....| Opening in forest; exposure free; damp soil. 
15 4 12 35 Whistler, Ala-.-| On gentle decline; opening in forest; soil fresh. 
16 6 13 SOD eaee GY o = seeesses | Do. 
17 6 16 BW) |e sre GW) -Ssckacoae Natural opening near swamp; soil damp. 
18 6 17 43) coon GO) AS ercinsiac Do. 
20 4 28 SBP essed (Gye sericecnee Oppressed. 
21 4 22 45 | Eastman, Ga....| Natural opening in forest; under cover. 
26 44 28 33 | Gurdon, Ark....| Natural opening in forest; exposure free. 
22 4h 32 43 | Eastman, Ga....; Natural opening in forest; suppressed. 
22 8 25 55 = Old field; fresh, deep loam; free. 
24 6 17 39 .| Old field; oppressed. 
24 44 30 | 47 .| In open forest; exposure free. 
32 6 38 55 Open forest; exposure free. 
=| 32 6 36 56 : Do. 
| 35 | 12 51 77 ....| Old field; deep, rich loam; fresh, young forest trees of similar 
| size. 
Magee osocvess ss | 48 16 30 66 | Gurdon, Ark.-...| Open forest; soil damp. 
a eee | 44 15 33 68 | Stockton, Ala...| Flat near banksof Tensas River; open forest; exposure free; 
March 16, 1888, just past flowering. 
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TaBLE Il.—Growth of Loblolly Pine (Pinus tada) from fifty to one hundred and fifty-six years. 


Diameter. Height 
Rings | bat Total 
- eel im Tota sal tier . 
No. of tree. 1 in ,,| Breast | Across | Below | (len th | height. Locality. Habitat, and other remarks. 
eee high. | stump. crown. | of tim- 
| | | ber). | 

Inches.| Inches.| Inches.| Feet. Feet. | 

63 uu 133 94 oA 90 | Ridgeland, S.C...) Low pine barrens, edge of hummock, soil damp, ex- 
| posure free. 

70 | 16 16) 94 57 86 | Eastman, Ga...... Old field, abandoned one hundred years ago; typical 
| for oldest second growth. 

73 22 50 O47 15.222 (Ia asacee | Close to edge of swamp; open forest; soil wet; expo- 
| sure free; sapwood 44 inches. 

74 12 85 80 | Ridgeland, S. C...| Close to edge of swamp; sumewhat suppressed. 

80 21 4l 101 | Cullman, Ala...-.. Swampy swale; open forest; exposure tree. 

80 | 18 66 103 | Ridgeland, 5. C...) Swampy hummock; exposure partially free. 

83 20 87 | 96 | Gurdon, Ark..... Low, wet, piny woods; exposure partially free. 

85 17 47 BBY alss.ae 1 Ce cee ee Low, wet, piny woods; exposure free. 

87 21 40 105 | Whistler, Ala.... Low, open forest; soil damp; exposure free. 

90 | 22 46 104 | Cullman, Ala.-... | Wet swale; sandy loam; open forest; free. 

95 | 19 53 112 | Ridgeland, 8. C...| Edgeof swamp; slightly oppressed ; sapwood 5 inches. 

100 | 27 De) eee ba PASE C0msveenessees Low, pine barrens; soildamp; near swamp; exposure 
| | free; sapwood a inches. 

101 23 51 111 | Whistler, Ala....| Open forest, on slight decline; soil drained; fresh; 

| exposure free; sapwood 44 inches. 

110 22 68 109 | Gurdon, Ark..... Low, rather dense torest; wet; exposure free. 

117 22 69 116 | Kastman, Ga.----- Edge of swamp; soil damp; partially suppressed. 

118 19 53 125 | Whistler, Ala. -... Slight declivity; soil well drained ; suppressed. 

120 | 22 68 | 99 | Eastman, Ga.-...-.. Near border of Pye soil damp; exposure free. 

128 | 23 59 109 | Whistler, Ala..... Open forest; soil fresh; exposure free, 

137 19 57 115 | Cullman, Ala..... Open forest; eee} swale; exposure free. 

142 | 27 54 Ogi |aeotare i ireaacaa son 4 Edge of swamp, damp to wet; exposure almost free. 

150 21 58 108 | Gurdon, Ark ..... Flat, wet, rather dense forest; exposure free; slightly 
| oppressed on the sides. 

156 24 39 103 | Cullman, Ala. ....) Wet swale; sandy loam; exposure free. 


From Table III and the corresponding diagram, based upon a considerable number of trees, it 
appears that the Loblolly Pine is nearly 40 feet high when twenty years old; that the length of the 
merchantable timber (60 feet) is attained at the age of forty; that this shaft has a basal diameter 
of 20 inches at the age of one hundred years, and that the age of thrifty growth is practically at 
an end when the tree is one hundred and ten years old. Comparing this table with those for 
Longleaf and Shortleaf pines, the excellence of the Loblolly becomes apparent. 
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TaBLE III.—Rate of growth of Loblolly Pine. 


| Volume. Periodical accretion or growth per decade. 
Diameter Length of) Total os Ae) : BrOv l per decad 5 1 ee 

with bark) 05 W152 sere | | | Average | Current 
Age (breast |UPPEr di-| height of Log up to | | Area of annual |. Coretion 
Pan ameterof| tree. Tree. 5 inches Decade. Diameter. Height. | cross sec-| Volume. accretion. ~ ade 

igh). | 5 inches. | diameter. | , | tion. | 
| | 

Yrs. | Inches. Feet. Feet. Ou. ft. Cu. ft. Inches. Feet. Sq. feet. | Cu. ft. | Cu. ft. Cu. ft. 
10 Bearcat 18 OKG0) | soe eeetac = Lb i iggacee  S-HeOeo 2.4 18 0.03! 0.60} 0.06 0. 06 
20 CAFE oem aee 387 Pa0o i eaeeee sans Second ..-.-.....--- 2.3 | 19 08 | 2.45 14 | - 24 
30 7.8 | 23 50 8.72 7.49 | Third...- - 2.2 | 13 | 14 5. 67 29 | 57 
40 10.0 | 35 61 16, 63 15.45 Fourth -. 2.0 | il 17 7.94 41 79 
50 11.8 44 70 25. 30 24,12 | Fifth .-.- 1.8 9 | 19 8. 67 57 87 
60 13.3 | . 52 78 35. 65 34.47 | Sixth .---.- ponecese 1.6 8 19 10. 35 -59 | 1.03 
70 15.5 | 60 85 49. 02 47.88 | Seventh -...-..----- 1.5 7 21 13. 37 -70 | 1.33 
80 17.1 68 90 62. 44 61.44 | Eighth -. 1.4 5 21 13. 42 .78 1.34 
90 18.7 76 95 78. 02 77.16 | Ninth-.... ua! 5 19 15. 58 87 1,56 
100 19.5 80 98 89. 41 88.59 | Tenth .--. nt) 3 16 11.39 | . 89 | 1.14 
110 20. 2 83 100 96, 00 95.23 | Eleventh an .8 2 13 6.59 .87 66 
120 20.7 85 102 102. 00 101.23 |} Twelfth -..-.--..--- 5 2 -10 6. 00 ~85 60 

| | 
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Fig. 12.—Growth of Loblolly Pine: Height, diameter, and cubic contents of average trees at 10, 20, ete., years of age. 


CONDITIONS OF DEVELOPMENT. 
SOIL AND CLIMATE. 


The Loblolly Pine prefers a moist, cool, sandy or light loamy soil, which, if not always moist, 
should have a greater retentiveness for moisture than is required by most of the other upland 
pines. It reaches its greatest perfection in the perpetually moist or fresh forest lands, with a soil 
of a sandy loam, rich in vegetable mold—the accumulation of ages—which border the swamps 
of the coast region. The tree is not found on the porous, highly siliceous soils of the more 
elevated uplands, where the Longleaf Pine almost exclusively prevails; it also avoids heavy clay 
and calcareous soils of the uplands and the alluvial lands. 

The Loblolly Pine is a tree of austral regions confined to the humid belt of the Austro-riparian 
or Louisiana zone and the lower border of the Carolinian life zone, which, on the Atlantic Coast, 
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follows quite closely the isothermal line of 56° F.; westward, in the direction of the Gulf Coast, 
the isothermal line of 60°, The mean temperature of the winter along the northern limit is about 
45°, with the lowest temperature only occasionally falling below 10° F, This tree approaches 
the Appalachian zone only under the influence of a peninsular clime between the Delaware and 
Chesapeake bays. 

The Loblolly appears to be indifferent to the wide differences in the amount of atmospheric 
precipitation existing within the vast range of its distribution. Extending from Florida (isotherm, 
74°) to the 39° of north latitude on the Atlantic Coast (isotherm, 56°), it is found of equal thrift 
on the Gulf shore, with its damp air and annual rainfall exceeding 64 inches, and in the flat woods 
of Texas, wheve the mean annual precipitation is only one-half that amount, with a mean of 6 
inches during the winter months. In fact, the Loblolly Pine is found most frequently and is more 
widely distributed in the districts of lesser precipitation. It is certainly more dependent on the 
supplies of soil moisture than upon atmospheric humidity. 


RELATION TO LIGHT AND ASSOCIATED SPECIES. 


This species is less exacting in its demands for direct sunlight than the kindred species within 
its range. To this relation may be ascribed the success which it achieves in the struggle for the 
possession of the soil with the Shortleaf Pine. Observing this contest as it is going on between 
the competing species in the forest, the conditions of the soil being equally favorable, the Loblolly 
Pine, under the cover of shade, outstrips the Shortleaf Pine under the same conditions; and, on. 
the other hand, where the sunlight has had unhindered access, it gives way to its competitor, 
being then subjected to the disadvantage resulting from a speedier desiccation of the soil. 
Through such influences it is that, under conditions seemingly equally favorable to either one of 
these pines, now the one and now the other is found to predominate. 

In the deep forests covering the rich swampy lands of the coast regions, the Loblolly Pine 
forms comparatively a small part of the rich and varied growth consisting chiefly of deciduous 
trees, Black Gum, Sweet or Red Gum, Water Oak, and Mockernut, to which in the lower South the 
Magnolia, Sweet Bay, Red Bay, and Cuban Pine are to be added. Although requiring less sunlight 
than most pines, in the gloomy impenetrable shade of these dense forests the progeny of the 
Loblolly Pine has no future, especially as these lands once cleared are devoted to tillage, being of 
great agricultural value. 

On the lands of a poorer, more exposed soil in the maritime plain of the southern Atlantic 
States, in Virginia and North Carolina, and in southwestern Texas, this pine forms more or less 
compact forests. In these forests the tree is always succeeded by its own progeny, either in the 
course of nature or after the artificial removal of the original forest growth. On the coast of 
Georgia, in Florida, and in the coast plain of the eastern Gulf States, the Loblolly Pine is scattered 
among the Cuban and the Longleaf Pine; there its second growth meets a formidable competitor 
in the first named of these species. In the flat woods, deprived of drainage, the Cuban Pine is 
always found to vastly outnumber the Loblolly among the young forest growth. In the upper part 
of the great maritime pine belt the Loblolly Pine is frequently found among the mixed growth of 
Magnolia, Spanish, Red, Post, and Blackjack oaks, Mockernut and Pignut Hickory, Shortleaf 
Pine, and Southern Spruce Pine. Throughout this region the tree takes almost undisputed 
possession of the old fields. 

In the interior, on the uplands of oaks and Shortleaf Pine, the Loblolly is sure to gain the 
upper hand and to retain its hold among the young forest growth, giving way to 1ts most aggressive 
competitor, the Shortleaf Pine, only when under the disadvantage of a greater exposure and a 
greater lack of moisture in the soil. 


ENEMIES. 


Principally confined to low, damp localities, not easily liable to invasion by the frequent 
conflagrations which scour the Southern pine forests, the Loblolly Pine suffers less from destruction 
by fire than any other species. In virtue of the inherent facilities for its natural renewal resulting 
from its fecundity and from the rapidity of its development from the earliest stages of growth, 
any damages inflicted by that agency are more easily repaired. The same causes afford it also 
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greater protection against incursions of live stock. As also observed in the Shortleaf Pine, the 
rapidly growing seedlings form, after a few years, thickets of such density as to be avoided by 
the larger quadrupeds, and by the time such thickets, in the course of natural thinning out 
have become more open, the trees have reached dimensions which place them beyond the danger 
of being tramped down or otherwise injured by live stock. The rapid spread and thrift of the 
second growth, unprotected and uncared for, observed everywhere within the range of the 
distribution of this pine, are witnesses to its greater immunity from such dangers. 

Owing to the large amount of sapwood, the timber of the Loblolly is more liable to the attacks 
of fungi and to the ravages of insects. The mycelium (spawn) of large polyporous fungi is found 
frequently infesting the woody tissue of the living tree, the hyphie (filaments) of the spawn 
destroying the walls of the wood cells, causing the wood to assume a reddish color and rendering 
it brittle in the same way as is observed in the living Longleaf Pine timber affected with the disease 
called “‘red heart.” It sevms that the destruction caused by this disease in the Loblolly Pine is 
from the start more rapid in consequence of the larger proportions of sapwood, and perhaps also 
on account of the broader bands of soft springwood naturally accompanying wood of rapid growth. 

In a piece of wood examined in north Alabama, the filaments of the spawn of one of these 
fungi crossing each other in every direction were found to form a dense film interposed between 
the spring and summer wood, causing its easy separation in the direction of the concentric rings, 
and, as the destruction of the wood proceeds, forming finally a compact layer of the nature of 
amadou, or tinder. In the longitudinal section the rays were found full of cavities, caused by the 
breaking down of the cell walls, and these cavities were filled with the white film of these 
filaments, which similarly affected the adjoining tracheids of the resinous summerwood. 

The. felled timber left on the ground is soon infested by a host of fungi of the genera 
Agaricus, Tramites, Lentinus, Polyporus, and others, the nearer identification of which has not 
been undertaken. 

From the very limited observations that have been made it clearly appears that this pine 
suffers equally as much, if not more than the other pines of Southern growth from insect enemies 
of various kinds. The larvée of the same capricorn beetles (Cerambicidw) burrow in the body of 
the timber. Those of the round-headed borers (Caleophora) dig their channels in the sapwood, 
as is indicated by the occurrence of several species of jumping beetles (Buprestide) which are 
found clinging to the leaves and branches of this tree. The most fatal injury it sustains is caused 
by the bark borers (Tomicide); this pest particularly affecting the trees during the formation of 
the last cambium layer in the later summer months. Trees felled in August are immediately 
infested by multitudes of these destroyers. Favored by a high temperature and an abundance 
of nourishment, several generations of them succeed each other before the close of the season, 
the countless broods soon infesting every tree in the vicinity and carrying their work of destrue- 
tion over the full expanse of the young forest growth. Under this affliction the forests often 
present, by their drooping rusty-colored foliage, a sad picture of disease and decay. Weeyils 
(Curculionidea) deposit their eggs in the youngest tender shoots; the larvie which hatch from 
them eat their way into these shoots, causing their decay, and thus destroy the symmetry of the 
tree aud impair the usefulness of the resulting timber. Other species of the same family puncture 
the older branches, lay their eggs in the exuded resin, their larvie injuring the tree in a similar 
way. The larvie of spittle insects injure the terminal buds, which are also found infested by the 
larvee of Pitch-moths (Retiniw), causing them to wither. The foliage seems to be less frequently 
attacked by sawflies (Lophyrus) than the tender young leaves of the Longleaf Pine, as by the 
rapidity of their growth the young leaves sooner harden, and are therefore less relished by these 
depredators. The evidences of the work of the pine-leaf miners (caterpillar of Gelechia) have 
been freequently observed in Alabama, and everywhere are seen the deformities caused by gall 
flies and scale insects. 

NATURAL REPRODUCTION. 


If the Shortleaf Pine has been spoken of emphatically as the future timber tree of the light 
rolling uplands of the interior, the Loblolly Pine might be fitly designated as the timber tree of 
greatest promise in a large part of the coast plain from the middle Atlantic States to the limits of 
compact forest growth beyond the Mississippi River. The promptness with which it colonizes the 
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old fields and other clearings, and the tenacity with which it retains from one generation to another 
the ground once taken possession of, clearly point to the important part this tree is to take when the 
ruthless stripping of timber lands practiced at present gives place to the management of the forests 
under a system of fostering care, teuding to their future maintenance and to the disposal of their 
resources on the principle of true economy with an eye to the future welfare of the country. 
No timber tree will be found better adapted for forest planting in the southern part of the 
Atlantic forest division. It is only in the narrow belt of flat woods along the shores of Florida, 
Georgia, and the eastern Gulf region that it is likely to find its superior in the Cuban Pine (Pinus 
heterophylla). 

Besides the advantages of adaptability to varied soil and climate, it excels in rapidity of 
growth during the earliest stages, and the copious production of seeds, which, almost without fail, 
are plentifully distributed every year over the vicinity of the parent trees. As an evidence of the 
facility with which the reproduction of a compact forest by this pine is effected, it is only necessary 
to point out the spontaneous groves near the settlements, representing, as they do, every stage of 
development. : 

In the coast region the second growth, if not interfered with under proper soil conditions, 
yields in fifty to sixty years timber of dimensions rendering it fit to be sawn into lumber well 
adapted for various uses, as already mentioned. 


CONCLUSION, 


In this attempt at a sketch of the life history of this tree, the object was constantly kept in 
view of placing its value among the products of the Southern forests in the proper light. From 
the consideration of the structure of the wood and its physical properties it clearly appears that 
although inferior to the wood of the Longleaf and Cuban pines, the timber of this species fully 
equals that of Shortleaf Pine, and that the present practice of treating them as equivalent seems 
therefore justified. 

As an abundant and cheap source of timber of inferior grades, and especially when the 
rapidity of its growth is considered, the Loblolly Pine is of no less economic importance than the 
other timber trees of the same section. At present held in low esteem in the great lumbering 
districts of the lower South, where the supplies of the superior timber of the Longleaf Pine still 
abound and receive the preference, the value of the timber of the Loblolly Pine is quickly recog- 
nized in other districts which, but a short while ago boasting of similar resources, are now stripped 
of them. Its physiological peculiarities make it an important factor in the future forestry of this 
section. Its propagation is successful over a vast expanse in the southern section of the Atlantic 
forest region, and by its productive capacities, mode of development, and behavior toward com- 
peting species in the struggle for existence, the Loblolly Pine possesses great advantages for its 
natural and artificial renewal, adapting it particularly for the restoration of the forests on the 
lowlands of the maritime region. 
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fee SPRUCE, PINE: 


By CHARLES Mone, Ph. D. 


INTRODUCTORY. 


The Spruce Pine is the least common of the pines found in the lower Southern States. The 
tree is frequently confounded by the inhabitants with the Shortleaf Pine, to which it is closely 
related. Its vernacular names are, in different sections of its range, applied to several other pines; 
in Florida to the Sand Pine (Pinus clausa), in north Alabama to the Scrub Pine (Pinus virginiana), 
and in the southern part of this State even to the Cuban Pine. Although never forming extensive 
bodies of timber, being for the most part widely scattered among the broadleaf evergreens and 
deciduous trees with which it is associated, and in the quality of its wood of low rank, this little 
known tree has been given a place here among the monographs of the timber pines of the South 
Atlantic forest region in order to dispel for the future its confusion with some of these trees, and 
at the same time to attract the attention of the tree planter to it as the only one of its kind which 
thrives and propagates in the shade, keeping its ground closely surrounded by the luxuriant and 
varied tree growth with which it is associated, and soon outstripping the same by the rapidity of 
its growth. Considering that among all others of its kind in the same region it attains the fuliness 
of its growth in the shortest time, with dimensions which render it valuable for many of the pur- 
poses for which the softer and lighter kinds of timber are used, its economic importance can not 


be ignored. 
HISTORICAL. 


The Spruce Pine was first recognized as a distinct species and described as Pinus glabra by 
Walter, in his Flora Carolinensis in 1788, having since that time been known under this name 
by the botanists. Hidden in the remote semiswampy dense forests, it escaped the attention of 
later botanists. Neither the Michauxs, father and son, nor Nuttall were aware of its existence. 
It was unknown for fully three-fourths of a century until rediscovered by Professor Ravenel in 
the swamps of Berkeley County, 8. C. Ten years later the tree was described in Chapman’s Flora, 
1860. It was recognized by Professor Hilgard in the Pearl River Valley, Mississippi. In 1880 its 
distribution was traced by the writer through the Gulf region to its western limit in the eastern 
parishes of Louisiana. 

DISTRIBUTION. 

The Spruce Pine is a tree of the southeastern Atlantic forest, confined to the subtropical 
region or the Louisianian zone of American botanists, within that part of the coastal plain of the 
southern Atlantic and the Gulf States embraced between the thirty-first and thirty-third degrees 
of north latitude; from South Carolina through middle and northwestern Florida to Louisiana, 
with its western limit between the Pearl and Mississippi rivers. This tree is mostly found single 
or in groups on the low terraces with a fresh or damp soil rich in humus, rising above the swamps 
subject to frequent overflow. It isseldom seen to form compact bodies of timber; such have only 
been observed between the Chattahoochee and Choctawhatchee rivers, in northwestern Florida, 
where, to all appearances, this tree finds its best development on isolated tracts of fertile red loam 
lands. 

ECONOMIC IMPORTANCE. 

Nowhere forming pure forests of any extent, this pine is of little importance to the lumbering 

interests of the present, and its timber has never become an article of commerce. Although the 


timber is of inferior quality, it furnishes lumber of dimensions equaling the best of our timber 
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pines. It is light, soft, easily worked, and capable of good finish, and is without doubt fit for 
many uses of the house carpenter and cabinetmaker in the manufacture of furniture and other 
purposes. Owing to the large percentage of ash and smaller quantity of resinous matter, the 
actual fuel value of the wood of the Spruce Pine is lower than that of the other Southern pines; 
for its resinous product the tree is considered of no value, since the resin does not run when it 
is tapped.' : 

In its wood the Spruce Pine resembles Loblolly. The sapwood is wide, and even in trees 
seventy-five to eighty years old it forms more than three-fourths of all the wood. The change 
from sap to heart wood begins as early as in the pines mentioned, and as in these is retarded with 
age and also with any suppression of growth, so that in stunted young trees the change begins 
later, and the sapwood of these, as well as old trees, is always composed of a greater number of 
rings. While green, the wood is very heavy, weighing 45 to 50 pounds per cubie foot, varying in 
this respect chiefly with the proportion of sapwood. When kiln-dried, the wood weighs about 27 
pounds to the cubic foot; it is heavier at the butt, weighing about 31 pounds to the cubic foot, 
and lightest near the top, where its weight falls as low as 25 pounds to the cubic foot. As in 
other pines, the heaviest wood is produced by young trees. The amount of water contained in the 
fresh wood is quite variable—very great in the sapwood, and consequently in young timber—but 
falls little below 50 per cent of the weight of green timber on the whole. Its behavior in drying 
is the same as in light grades of Loblolly; it dries rapidly and without much injury, shrinking, 
during this process, by about 10 per cent of its volume. 

The strength of this wood is, as in other conifers, closely related to its weight. Accordingly, 
the Spruce Pine is inferior to both Shortleaf and Loblolly. 


From careful experiment it appears that its— 
Lbs. per sq. inch. 


Modulus of elasticity is about..--......-.....-.-.--. <2. ---------- 900, 000 
Uebel beriseule safer ad te Ae SP ROS Sarl eos Sedo seb cono sep esos 6, 000 
Compression endwisers: == 5 s-7023 22 eae eae same ae eee 4, 000 


In its structure the wood resembles too closely that of the Loblolly to enable as yet any 
identification on this feature, and the description for the wood of the Loblolly answers perfectly for 
the product of this species. As in Loblolly and other hard pines, summerwood and springwood 
are always well defined, the summerwood forming from 15 up to 40 per cent of the total volume, 
differing in this respect from the White Pine which it has been claimed to resemble. Thus while 
decidedly softer on the whole than Loblolly it is by no means to be expected that the Spruce Pine 
can hope to serve as a general substitute for the true White Pine. 


BOTANICAL DESCRIPTION. 


Leaves invariably in pairs, with short and close sheath; soft, slender, 14 to 3 inches long, 
twisted; cones short-stalked, horizontal or reflexed, the cone scales with a flat apophysis, the 
depressed umbo unarmed or with a minute weak erect prickle. 

The Spruce Pine is readily distinguished by the close bark of its trunk which in the crown and 
the limbs is perfectly smooth and of a light gray color; in foliage and in cones it resembles most 
closely the Sand Pine (Pinus clausa) of the coast region of Florida and the eastern Gulf States, 
which however is distinguished by the more prominent apophysis of the cone scales, armed with a 
short, stout, reflexed prickle. The Shortleaf Pine, to which it is next related, is distinguished by 
the same characters and further by the fascicles of two and three leaves and the rigid young shoots 
of the season covered with slender, long, loosely fimbriated bud scales. 

The leaves are concave, faintly serrulate, short pointed, and are shed during the latter part 
of the second season or the beginning of the third. 

In the details of their structure they differ little from the leaves of the Shortleaf Pine; the 
rows of breathing pores (stomata) are numerous on both surfaces; the strengthening cells of the 
cortical tissue are smaller and less numerous; the resin ducts, two or three, are parenchyma- 
tous, the cells of the bundle sheath thin walled. The two fibro-vaseular bundles distant and 
without strengthening cells. 


‘Ravenel: Proceed, of Elliott Society, Charleston, I, 52. 
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The male flowers are lateral, sessile, and about one-half to three-fourths of an inch long» 
slender, surrounded by five to six pairs of short ovate, rather obtuse stiff scales, with a narrow, 
membranaceous lacerated border. The crest of the anther is elliptical, with fine denticulations. 
The small female aments are mostly single, short stalked, the carpellary scales lance-shaped with 
slender tips and subtended by the short infertile bract. 

The cones are mostly single with a short stalk and of various shapes on the same tree, from 
round to oblong ovate or more or less cone-shaped, from 1} to 2 inches long, and, on the opening 
of the scales from three-fourths to one inch wide, of a light tawny color. The scales are softer 
and more flexible than in the Shortleaf Pine, the apophysis broader, with the umbo depressed, 
unarmed, or with a minute, weak, erect, and deciduous prickle, the ridge faint, hazel-brown on 
the inside. The somewhat triangular roughish seeds, black with brown specks, about three- 
sixteenths of an inch long and one-eighth inch wide, separating easily from the wing which is 
little over one-half inch long and surrounds the seed to the base. 


PROGRESS OF DEVELOPMENT. 


The Spruce Pine begins to flower and to produce perfect seeds at an age of twelve to fifteen 
years, in greatest abundance between twenty and forty years; the flowers appear during the 
earliest part of March; shortly after pollination the female aments assume a horizontal position, 
and finally become more or less reflected. At the end of the first season the conelets are of the 
size of a large pea. The cones mature in the second year in the month of September; the seeds 
are freely shed early in the fall. They germinate during the fall and early in the coming spring; 
the plantlets, with eight to ten slender, soft cotyledons, are over an inch long. The terminal bud 
develops rapidly, densely covered with the slender, soft primary leaves which are sharp pointed 
and frequently over an inch in length. Early in April seedlings are found over one-half foot Jong, 
later in the season fascicles of the foliage leaves appear in the axils of the upper primary leaves, 
when the lower wither and disappear near the end of the season. At this stage the seedlings are 
generally a foot high with the root system less developed than in its kindred species at the same 
age; the taproot scarcely 2 inches in length with a few short lateral roots. 

With the twentieth year the trees are generally from 30 to 35 feet high and 4 to 44 inches in 
diameter, the stem clear of limbs for the length of about 12 feet. They attain their full growth 
at an age of from sixty to seventy-five years. 

The trees for the United States timber tests from the border of the swamps on the banks of 
the Tensaw River in Baldwin County, Ala., showed the following dimensions and age: 


Measurements of jive trees. 


Rings on | Diameter | Length of | Height of Sap on 


No: of tree, stump. breasthigh.| timber. tree. radius. 
Inches. Feet. Feet. 
458 78 22 45 120 5k | 
459 | 53 17 56 96 54 
sectoomescic:! 46 15 40 65 All sap. 
460 75 | 22 57 99 5 
461 83 23 60 116 5 
| 


From these figures it appears that the two trees forty-six and fifty-three (average forty-nine) 
years old have an average volume of 63 cubie feet and grew at the rate of about 1.3 cubic feet, 
while the three trees seventy-five to eighty-three (average seventy-eight) years old have an 
average volume of about 152 cubic feet and an average yearly growth of about 2 cubic feet. The 


following represents a typical case: 
Growth of Spruce Pine. 


leniamate | 
Height 4 Diameter | volume of 


5 Average yearly growth in— | 
Rings on without = 


SAEED? 1A bark. wood. | Height. Diameter. Volume. 
| } 
Feet. Inches. Cubic ft. Feet. Inches. Cubic ft. | 
10 37 5 2. aie 0.5 0.2 
20 51 | 8.5 9.5 1.4 .3 : 
30 67 12 26 | ati |} .3 | 1.6 
45 84 15 51 1Gal 2 1.6 


a For age of tree add about three years. 
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The Spruce Pine attains a height of from 85 to 110 feet and over; the trunk is clear of limbs 
for a length of from 45 to 60 feet, and it is from 2 to 24 feet in diameter breast high, seldom 
exceeding 3 feet. The largest trees observed were about 120 feet in height by a girth of fuily 10 
feet breast high. 

The taproot appears to be less strongly developed than in the Shortleaf, the lower lateral roots 
run for a short distance close to the surface before penetrating the ground; the bark is close, with 
deep, narrow furrows, separating in narrow thin scales and of a reddish-brown color. The limbs 
are horizontal, dividing in rectangular spreading branches and branchlets. The leaves also 
become in the latter part of the season widely spreading, the density of the foliage being reen- 
forced by the leaves of the short branchlets produced on the older branches from adventitious 
buds. To this spreading habit of the ultimate division of the branches and of the leaves is due 
the peculiar spray of the foliage, similar to that of the true cedars. 


ENEMIES. 


No observations have been made of the injuries inflicted upon this tree by insects. Trees, 
after having passed the period of full growth, at the age of about 100 years are very frequently 
affected with decay in the stump and with redheart in the top. In the damp hummock lands the 
tree is rarely touched by fire. Where the underbrush and the vegetable matter of the soil covering 
has been destroyed by repeated conflagrations, however, the trees begin to sicken and soou die. 


REQUIREMENTS OF DEVELOPMENT. 


The Spruce Pine requires the warm climate of the subtropical zone, with a mean annual 
temperature of about 66° F. and a mean temperature of 49° F. in the winter months (in central 
Alabama the thermometer falls sometimes to an extreme of 5° F°.), and the humid atmosphere of 
the coastal plain, with a mean annual rainfall of 54 inches, evenly distributed throughout the year. 
This tree will endure, during the early stages of its growth, more shade than any other of the 
pines of the Atlantic forest region, perhaps the White Pine (Pinus strobus) excepted. Retarded 
in its growth under severe oppression, it will finally force its way through its close surroundings, 
and having gained a freer access to light, it pushes its crown rapidly above the broad-leaved 
evergreens and deciduous trees which luxuriate on the same ground. It demands a loose soil, 
rich in humus, fresh to moist but not wet, with a deep porous subsoil, which in these lands is 
frequently a light, sandy loam. 

The Spruce Pine is never found in the forest of the alluvial bottoms with their heavy soil, sub- 
ject to frequent overflow, nor in the dry, sandy pine forests. Where it finds the soil conditions 
most favorable to its growth, Magnolias, Cucumber trees, Sweet Gum, Mockernut Hickory, and 
Beech are found of greatest thrift, not infrequently associated with the Shortleaf and the Loblolly 
pines. The undergrowth on such lands is luxuriant, consisting of Dogwood, Holly, Summer Haw, 
and a variety of shrubs, Bush Huckleberries ( Vaccinium virgatum), Farkleberries (V. arboreum), 
Storax Bushes (Styrax grandifolium), Cornals (Cornus sericea), and Blue Palmetto, forming dense 
brush interlaced by numerous woody climbers ( Vitis, Ampelopsis, Wistaria). 

As has been observed in northwestern Florida, where it finds the proper soil conditions, the 
second growth of this pine soon occupies the clearings made in the original forest. Tracts of young 
forests of much promise have been met with between the Choctawhatchee and Chattahoochee 
rivers. The hummock land, forming the home of the Spruce Pine, being with the increase of the 
population rapidly claimed for cultivation, this beautiful pine will soon be solely confined to the 
most remote and inaccessible localities. Being the only really soft pine of the Southern States, 
and having by its shade endurance a peculiar forest value, this tree will probably form an 
important part in the future, when forestry has become an established business. 


NOTES ON THE STRUCTURE OF THE WOOD OF THE FIVE SOUTHERN PINES. 


(Pinus palustris, tada, echinata, heterophylla, glabra.) 
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NOTES ON THE STRUCTURE OF THE WOOD OF THE FIVE SOUTHERN PINES. 


(Pinus palustris, heterophylla, echinata, tada, glabra.) 


By FILiBerT Rorn, 


In charge of Timber Physics, Division of Forestry. 


The wood of these pines is so much alike in appearance and even in minute structure that it 
can be discussed largely without distinction of species. The distinctions, as far as there are any, 
have been pointed out in the introduction. Here it is proposed to give in more detail the char- 
acteristics of the wood structure. 


SAP AND HEART WOOD. 


All five species have a distinct sap and heartwood, the sap being light yellow to whitish, the 
heart yellowish to reddish or orange brown. The line of demarcation between the two is well 
defined, without any visible transition stage. The location of this line does not as a rule coincide 
with the line of any annual ring, so that the wood of the same year’s growth may be sap on one 
side of the tree and heart on the other. The difference in this condition may amount to ten or 
twenty rings, which on one side of the same section will be heart, on the other side sap. ; 

There is considerable variation in the relative width of the two zones as well as the number 
of rings involved in either and also in the age at which the transition from sap to heartwood 
begins. This age was rarely found to be below twenty years; as a rule the transformation begins 
in young trees when the particular section of the tree is between twenty and twenty-five years old, 
but the progress of heart formation does not keep pace with the annual growth, being more and 
more retarded as the tree grows older, so that while in a section twenty-five years old twenty-two 
rings may be sapwood, at thirty-five years the sapwood will comprise only thirty rings; at forty-five 
years, forty rings; at eighty years, fifty rings; and in sections two hundred years old the outer 
eighty to one hundred rings will still be sap. A young tree ot Longleaf Pine (No. 22) was, for 
instance, found to show the following relations: 


Height | 


Peareryea ms Age of Rings of 
SNR stanny. | peu | sap. 

Feet. Years. | Number. 

| 1D 0 Pasa 6 46 40 

Viena 14 38 | 33 

| ise | 22 30 27 

18 Spear 30 24 23 

OD ees 42 18 17 


The change from sap to heart wood begins eariier in young trees than in the younger portions 
of older trees; in these latter, sections thirty-six and forty years old are quite commonly found 
still entirely made up of sapwood, while in young trees, as stated above, the change begins before 
the age of thirty years. 

The progress of the transformation is somewhat influenced by the rate of growth; it is slower 
in slow-growing trees and usually also on the slower-growing radius, i. e., there are more rings of 
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sapwood. The width of the sapwood, on the other hand, stands in relation to the rate of growth 
in an epposite manner; it is wider in young and thrifty than in old and stunted trees, and widest 
along the greatest radius of any section; similarly, it is wider in the faster-growing Loblolly, Cuban, 
and Spruce pines than in the slow-growing Longleaf. 

Besides being of a lighter color the sapwood differs from the heartwood in several respects. 
Its resin is limpid and oozes out of the pores or resin ducts of any fresh cut; that of the heartwood 
does not flow, except in rare cases, from saturated pieces or “light wood.” The sapwood contains 
much less rosin—both rosin and turpentine—than the heart wood. Thus in a section of Longleaf 
the sapwood contained only 0.2 per cent of turpentine and 1 per cent of rosin, while the heart 
contained from 2 to 4 per cent of turpentine and 12 to 24 per cent of rosin, and though this is an 
extreme case the heart generally has three to five times as much resinous matter as the sap. The 
fresh sapwood contains three to five times as much free water as the heartwood and is, even when 
seasoned, more hygroscopie and subject to relatively greater shrinkage than the heart. This 
capacity for taking up water readily is probably one of the reasons why sapwood decays more 
readily. In addition, the parenchyma cells of the medullary rays and resin ducts (see further on) 
contain, at least in the outer parts of the sapwood, living protoplasm and reserve food materials 
which are readily seized upon by fungi which cause “‘bluing” and decay. Such living tissue does 
not exist in the heartwood. The heartwood in old logs generally is heavier than the sapwood. 
This is not due to any later thickening or growth of its cell walls, after their original formation, 
but is due chiefly to two causes: 

1. The heartwood of old logs was formed when the tree was younger, and made, naturally, 
heavier wood. . 

2. The accumulation of resin in the heart already referred to increases often very considerably 
the weight of the heartwood. 

In the same way the sapwood of old logs, such as supply the sawmills, is weaker than the 
heartwood of the same logs, but this is not because the wood is in the sapwood condition, but 
because it is lighter and its summerwood per cent smaller, being, as stated before, the product of 
old age when heavy and strong wood is no longer formed. Chemically the wood substance of 
sapwood is practically like that of heartwood; the coloring substances which permeate the cell 
walls in heartwood appear to be infiltrations, i. e., deposited in the walls from solutions; they are 
insignificant in amount, and their true nature, especially the processes leading to their formation, 
are not yet fully understood. The most modern views which consider these coloring bodies or 
heartwood substances as products of oxidation of tannin still require confirmation. 


ANNUAL RINGS. 


The layers of growth, known and appearing on any cross section as annual rings, show very 
distinctly in the wood of these pines. In a section 8 or 10 feet from the ground the rings are 
widest at the center, of considerable width for the first thirty to fifty rings, the period of most rapid 
growth in height; then they grow more and more narrow toward the periphery. In the last sixty 
to one hundred rings of very old logs the decrease is very small, the rings remaining practically of 
the same width. The same year’s growth is usually wider in the upper part of the stem, both in 
young and old trees, but the average width of the rings is naturally greater in the upper part only 
of young trees; in old and also in stunted trees it is smaller, since in these the upper portions do 
not share in the more rapid growth of the early years. 

Rings over half an inch wide are frequently seen in Loblolly and occur in Spruce Pine; rings 
one-fourth of an inch in width occur in very thrifty saplings of ail five species, but the average 
width of the rings for sapling timber is usually less than one-fourth of an inch, commonly one-eighth. 
In trees over one hundred years old it drops to one-twelfth of an inch and even below. The average 
width of the rings is normally smallest in Longleaf Pine, being one-twenty-fifth of an inch and less. 
(See also tables and diagrams of rate of growth in the introduction, as well as in the several 
monographs. ) 

The influence of orientation on the width of the rings is completely obscured by other, more 
potent influences, so that sometimes the radius on the north side, other times that of some other 
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side, is the greatest; and it is a common observation to see this relation vary within wide limits, 
even in the trunk of the same tree. 

Stunted trees of Longleaf Pine over one hundred years old with an average width of ring of 
one-fiftieth of an inch are frequently met with in old timber; of the other species no such trees 
were observed. The decrease of the width of the rings from center to periphery is never perfectly 
uniform, Not only do consecutive rings differ within considerable limits, but frequently zones of 
narrower rings, including thirty or more years’ growth, disturb the general regularity. -Where 
these zones consist of very narrow rings, one-fiftieth of an inch or less, the wood is of distinctly 
lighter color and weight. Since the value of this class of wood depends not only on its strength 
and stiffness but also on the fineness of its rings (grain), in so far as the grain influences both the 
appearance and the ease of shaping as well as other mechanical properties, the width of the annual 
ring is of great importance, from a technical point of view, the finer-ringed (grained) wood of the 
same weight always deserving and mostly receiving preference. 

The rings of the limbs are narrower than the corresponding rings of the stem. Moreover, 
they are usually of different widths on the upper and lower side of the same branch, those of the 
latter excelling in width those of the former. Frequently the wider lower part of a ring of a branch 
appears like a “lune” on the cross section, quite wide (one-eighth of an inch and more) in its lower 
median part, and scarcely visible, often entirely fading out, on the upper side. This difference is com- 
monly accentuated by the appearance of the wood itself. In the upperpart the wood of the ring is 
normal and light colored, owing to a very small summerwood per cent; on the lower wide part, 
the “lune,” the wood is commonly of reddish color, either even throughout the entire width of the 
ring, or else in several varicolored bands, which give the appearance of two or more separate 
ill-defined rings. Sometimes the earliest formed springwood is included in this unusual colora- 
tion, at other times only the median portion of the ring. This ‘red wood,” as it has been termed 
by the French and German writers, is composed of very thick walled cells and increases markedly 
the weight of the wood, so that the wood of the side containing it is usually much the heaviest. 
It is of interest that the several ‘‘lunes” in any cross section occur rarely, if ever, exactly one 
above the other, but commonly the radius passing through the middle of one *‘ lune” makes an 
angle of 20 to 40 degrees with the radius passing through the middle of another **lune.” Often 
successive ‘‘ lunes” show considerable deviation in position and commonly differ in width or degree 
of development. Accepting the most recent explanation of this phenomenon as expressed by 
Hartig and Cieslar,' it would appear that the formation of these broad “lunes” of especially 
strong cells is due to pressure-stimulus on the growing cambium, caused by the weight of the limb 
an its peculiar position, increased at all times by movements of the limb due to the wind. More- 
over it seems that the formation of one well-developed “lune” relieves for a time the pressure, 
and with it the necessity for a repetition of this formation. These “lunes” are most conspicuous 
in the limbs of these pines near the trunk, and disappear at variable distances from the trunk and 
with them disappears the eccentricity and the difference in appearance and weight of the wood 
of the limbs. Immediately at the junction of limb and stem the pressure is constant, and the 
result is the formation of almost uniformly thick-walled tissue in all parts of the ring, giving to 
the “ knot” its great weight and hardness. 

Lunes similar to those of the limb are frequently observed in the stems of small trees 
wherever this has been noted it was found on the underside of a leaning or curyed portion. 
Oceasionally such a ‘‘lune” extends for 12 and more feet up and down. 

Quite distinct from this modification of the annual ring is another modification frequently seen, 
especially in young trees, giving rise to so-called “ false” rings. It consists in the appearance of 
one or more, rarely two, dark-colored lines, which precede the true summerwood band of the ring. 
These lines, resembling the summerwood in color and composed like it of thick-walled cells, follow 
the true springwood of the year and are separated from the summerwood and from each other 
(if there are more than one), by a light-colored line resembling springwood. While occasionally 
this is somewhat misleading in counting the rings, a moderate magnification usually suffices to 


; 
2 


‘A. Cieslar, ‘‘Rotholz d. Fichte,” Centralblatt f. d. g. Forstwesen 1896, p. 149, and Robert Hartig “Das Rothholz 
der Fichte” in Torstlich-naturwissenschaftliche Zeitschrift, 1896, p. 165. 
*Cieslar produced them at will by bending young spruce saplings. 
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distinguish the real character of the tissues, as described later on. A more serious difficulty 
arises in very old, slowly growing trees, where the ring sometimes is represented by only one to 
three cells (see fig. 18) and occasionally disappears, i. e., is entirely wanting in some parts of the 
cross section. Generally these cases, due to various causes, are too rare to seriously interfere in 
the establishment of the age of a tree. 


SPRING AND SUMMER WOOD. 


The difference between spring and summer wood is strongly marked in these pines, the 
transition from the former to the latter being normally abrupt and giving to the annual ring the 
appearance of two sharply defined bands. (See figs. 13 and 18B.) In wide rings the transition is 
sometimes gradual. The springwood is light colored, has a specific gravity of about 0.40, and thus 
weighs somewhat less than half as much as the darker summerwood, with a specifie gravity of 
about 0.90 to 1.05, so that the weight and with it the strength of the wood is greater, the larger 
the amount of summerwood. (See diagram, fig. 14.) 
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Fig. 13.—Variation of summerwood per cent from pith to bark. 


The absolute width of the summerwood varies generally with the width of the ring (see 
diagram, fig. 15), i. e., the wider the ring the wider the summerwood band. It decreases in a cross 
section of an old log from near the pith to the periphery, and in the same layer, from the stump 
to the top of the tree. Where the growth of the stem is very eccentric, the wood along the greater 
radius has the greatest proportion of summerwood; thus, in a disk of Longleaf, for instance, there 
is on the north side a radius of 152 mm. with 27 per cent summerwood; on the south side a radius 
of 95 mm. and a summerwood per cent of only 20 per cent. In the stump section the great 
irregularity in the contour of the rings is accompanied by a corresponding irregularity in the 
outline of the summerwood. 

The summerwood generally forms less than half of the total volume of the whole log (see fig. 
13); it forms a greater part of the coarse-grained wood which was grown while the tree was young 
than in the fine-ringed outer parts of the log, grown in the old age period. It also forms a greater 
part in the volume of the butt than of the top log, and thus fully explains the well-known difference 
in the weight, strength, and value of the various parts of the tree. The following table serves to 
illustrate this point. The numbers in each line refer to the average values for the same ten annual 
layers through three sections of the tree at varying height. The figures in italics below refer to 
specific gravity for the same layer. The values for specific gravity were calculated on the basis of 
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allowing a specific gravity of 0.40 for springwood and 0.90 for summerwood, the values for the 
entire disks as actually observed being given below: 


Summerwood per cent and specific gravity in various parts of a tree of Longleaf Pine. 


| | | | ‘ 
1 | 11} 21] 31 | 41 | 51 | 61 | 71 | 81 | 91 | 101) 111] 121) 131) 141} 151) 161 171 |181 191 | 201 | 211 | 221 | 231 Aver- 


Rings from periphery. to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | to | 480 
10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100] 110) 120 | 130/140) 150) 160 170 180 | 190 200 | 210] 220 | 230 | 236) , 50") 


56| 48| 46) 48) 43) 47 47 52| 45) 42 a15 45 
68 | .64| .63| .64| .61| .63| .63| .66| .62| .61| .47| .626 


Section I, 3 feet from ground.| 39} 44| 40| 42] 38) 35| 45) 32| 44) 66) 43) 43) 52 
.59 | .62| .G0| .61| .69| .57 | 62) .56| .62| .73| .61| .61| .66 | 
Section IV, 35 feet from | | 

round eeencsneecancecicen~ <= 26] 24] 25] 34| 28| 24] 26] 24) 35] 49) 31] 33| 43) 84) 40) 31) 34) 3: 33 


68 | 62 57 | .54| .52| 63 | .52| .57| 64] 055 | .56 | 61] .6 
Section VII, 70 feet from | 
PTOUNG cece ceccecncereccs 23| 16) 17] 18| 18} 20} 16] 20) 18] 26] 21} 24) 19 
.61| 48) 48| .49| .49| .50| .48| .50| .49| .53| .50| .62 


a Six rings next to pith. b Two rings. cOne ring. 


The observed values of specific gravity for the three sections are 0.700, 0.560, and 0.490, respectively. 


It will be noticed that the greatest difference between the calculated and the actual value of 
specific gravity occurs in the section at the stump. This is fully accounted for by the fact that 
large amounts of resin, not considered: in the values of summerwood per cent, always occur in 
this portion, adding from 5 to 20 per cent to the weight of the wood. 
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Fig. 14.—Variation of specific gravity with summerwood per cent and age of section in Longleaf Pine, the solid lines referring to @ section 


3 feet from the ground, the dotted lines to one 14 feet from the ground. (Specific gravity as actually observed on pieces of 1 inch radial 
extent.) 


In stunted trees the summerwood forms nearly as great a per cent of the total volume for 
the whole tree as in thrifty trees of the same age, but in the stunted growth, or extremely narrow 
ringed portion of otherwise normal trees, the per cent of summerwood is markedly decreased, a 
feature which becomvs conspicuous in the lighter color of the wood of such portions. (See 
diagram, fig. 15.) Where, on the other hand, the rate of growth in an old tree is suddenly 
increased by the accessibility of more light, for instance, the summerwood per cent also is 
disproportionately increased, but this disproportion appears to be more transient, i. e., a decrease 
in the summerwood per cent sets in sooner than for the rate of growth or the width of the rings. 
(See fig. 15.) In some of the rapidly grown Loblolly and Spruce Pine the summerwood forms but 
a small part of the first ten to twenty years’ growth, and in all cases the first few rings about the 
pith have but little summerwood. In general, the summerwood per cent varies in the several 
species as well as in the individual with the weight of the wood, which is least in the Spruce Pine, 
greatest in Cuban and Longleaf Pine, and stands between these in Loblolly and Shortleaf. It 


furnishes a very useful criterion to distinguish between these groups and especially to select 
strong timber. 
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In the limb the sammerwood is most abundant in the knot (all wood practically partaking 
of the character of summerwood, at least as far as the thickness of cell walls is concerned) and 
in the part next to the stem, decreasing with the distance from the trunk. As might be expected, 
it also forms a larger per cent of the wood of the underside of limbs and the concave portions of 
bent trunks. 
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Fig. 15.—Variation of summerwood per cent with rate of growth (width of ring), in tree No. 3, Longleaf Pine. 


Norte.—Only the heavy line represents summerwood per cent; the others indicate the actual width of the rings (upper pair) and of the 
band of summerwood (lower pair). 


GRAIN OF THE WOOD. 


Though usually quite straight grained, the wood of these species is by no means always so. 
Spiral growth leading to “‘ cross-grained” lumber occurs frequently, is usually more pronounced 
in the basal portions of the tree, and commonly varies from pith to bark in the same log. Wavy 
grain resembling that of the maple {curly maple) has not been observed, but an irregular wavy 
grain, due to the fact that the surface of the trunk for many years is covered with small, low 
eminences, 1 to a few inches across, is frequently seen, especially in Longleaf Pine, and leads to 
remarkably pretty patterns. Unfortunately the contrast of spring and summer wood being so 
very pronounced, the figures are somewhat obtrusive and, therefore, not fully appreciated. 


MINUTE ANATOMY. 


The minute structure or histology of the wood of the five species under consideration is that 
of a group whose position in a general classification of the wood of pines is indicated in the follow. 
ing scheme, suggested by Dr. J. Schroeder, and more completely by Dr. Hl. Mayr,! in which they 
appear as part of group 2 of Section I. 


' Dr. J. Schroeder, Holz der Coniferen, Dresden, 1872, p. 65; Dr. H. Mayr, Waldungen von Nordamerika, Mtin- 
chen, 1890, p. 426. 
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Section I. Walls of the tracheids of the pith ray with dentate projections. 

a. One to two large, simple pits to each tracheid on the radial walls of the cells of the pith ray.—Group 1. 
Represented in this country by P. resinosa. , 

b. Three to six simple pits to each tracheid on the walls of the cells of the pith ray.—Group 2. I’. tuda, 
palustris, ete., including most of our ‘‘ hard” and ‘‘ yellow” 
pines. 

Section II. Walls of tracheids of pith ray smooth, without dentate 
projections. 

a, One or two large pits to each tracheid on the radial walls of 
each cell of the pith ray.—Group 3. P. strobus, lambertiana, 
and other true white pines. 

b. Three to six small pits on the radial walls of each cell of the 
pith ray.—Group 4. P. parryana, and other nut pines, inelud- 
ing also P. balfouriana. 


The general features of structure of coniferous woods 
are represented in the accompanying cut (fig 16). 

The structural elements, as in all pine, are few and 
simple and consist of (a) tracheids, the common wood 
fibers, forming over 90 per cent of the volume; (/) medul- 
lary or pith rays, minute cell aggregates composed of two 
kinds of cells, scarcely visible without magnifier and then 
only on the radial section, yet forming about 7 to 8 per . 
cent of the volume and weight of the wood in these spe- “™S-7°— Se ene eee se pa wee 
cies; (c) resin ducts, small passages of irregular length part of one ring magnified 100 times. The vertical 
surrounded by resin-secreting cells, seattered through the ae scaneie panes. earnest 
wood, but forming two more or less connected systems, pith ray; a,b, and c, bordered pits of the tracheids 
one running in the direction of the fibers, the other at more enlarged. 
right angles to the first, the individual ducts of the latter system always occupying the middle 
portion of medullary rays (see Pl. XX VII). 

The tracheids, or common wood fibers, are alike in all five species, and resemble those of 
other pines; they are slender tubes, 4.5 to 6 mm. (about one- 
fourth inch) long, forty to one hundred times as long as 
thick, usually hexagonal in cross section, with sharp or more 
or less rounded outlines (see Pl. X XI), flattened in tangen- 
tial direction at both ends (see Pl. XXI, A /), the diameter 
in radial direction being 45 to 55 yz. (about 0.002 inch) in the 
springwood, and about half that, or 21 to 25 4, in the sum- 
merwood, and in tangential direction about 40 4 on the average 
in their middle. They are arranged in regular radial rows 
(see Pl. X XI), which are continuous through an indefinite 
number of rings, but the number of rows increasing every 
year to accommodate the increasing circumference of the 
growing stem. (See Pl. XXI, Cc.) The fibers of the same 
row are practically conterminous, i. e., they all have about 
the same length, though at their ends they are often bent, 
slightly distorted, and usually separated (see Pl. XXI, B e¢; 
also fig. 17), their neighbors filling out the interspaces. There 
is no constant difference in the dimensions of these fibers 
in the different species here considered. In every tree the 
fibers are shortest and smallest near the pith of any section, rapidly increasing in size from the 
pith outward, and reaching their full size in about the tenth to twenticth ring from the pith. 
To illustrate: In a section of Longleaf Pine, 10 feet from the ground, the diameter of tracheids 
in radial direction is in ~=0.001 mm: 


Fic. 17.—Cell endings in pine. 
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Number of) .. Ve 
aot Spring- Summer- 
rings from ae rope Average. 
center. | 
| “ |! pe “ 
1 24 15 24 
2 34 25 82 
3 45 24 40 
4 43 26 36 
7 50 26 38 
10 52 | 28 36 
24-33 y2 28 36 
44-53 | 52 7 37 


As usual in conifers, the tracheids are largest in the roots and smallest in the limbs. In these 
pines, especially in Longleaf Pine, they are larger in well-grown wood than in that of extremely 
stunted trees, though very narrow rings in otherwise normal trees do not share this diminutive size 
of the tracheid. (See fig. 18, A and B, where a few very narrow rings are made up of elements of 
normal size.) 
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Fig, 18.—Cross section of normal and stunted growth in Longleaf Pine. 


The following average figures illustrate the difference between wood from very stunted trees 
and that of normal trees in Longleaf Pine, of which we give an average from an extensive series 
examined: 


| Radial diam- 
eter of tra- 
cheids in 
springwood 
p= 0,001 mm. 


Number of ree Average Character of 


* |widthof ring. 


Millimeters. | 
). 4-0. 5 


86 0. 4-0. 31-36 | Stunted. 
f 60 4 30-36 Do. 
5 : 3-2 Do. 
68 2.0 52 | Normal. 
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As soon as the average width of the annual rings gets above 0.5 mm. the dimensions of the 
elements approach the normal. Thus, in trees Nos. 1 and 2, with average width of annual rings 
0.5 to 0.6 mm., the average diameter of the tracheids in radial direction is 35 to 48 pu. 

Normally, the diameter in radial direction is greatest in the first-formed or inner part of any 
ring, and decreases even before the summerwood is reached. In narrow rings with an abrupt 
beginning of the summerwood, so common in these Southern pines, the diameter is quite con- 
stant throughout the springwood, but changes, together with the thickness of the wall, quite 
suddenly with the beginning of the summerwood, thus adding to the sharpness of the outlines of 
the two parts. (See Pl. X XI; also fig.18,B.) In nearly all sections there is an additional marked 
decrease in radial diameter in the last 3 to 5 cells of each row, which helps to emphasize the limits 
of the ring. In the so-called “false” rings, mentioned before, the cells of the false summerwood 
part resemble those of the normal summerwood. ‘The recognition of the false ring as such rests 
upon the difference in shape and dimensions of the last cell rows in comparison with those adjoin- 
ing. In the true summerwood the last cells are much flattened, with small lumen and somewhat 
reduced walls making a sharp definition toward the springwood of the next ring, which is still 
further accentuated by the wide lumen and thin wall of the cells of the latter. In the “ false” 
summerwood, on the contrary, the end cells are not flattened, and the cells of the light-colored 
adjoining zone of wood have but a moderately wide lumen and comparatively thick walls. 
The fact that the outline is less regular and commonly incomplete—i. e., it does not extend 
around the entire section—also aids in recognizing the false rings. In the “lunes” of both limb 
and stem referred to above the fibers are smaller, more rounded in cross section, and commonly 
exhibit conspicuous intercellular spaces between them. The walls of these are often much thicker 
than those of the summerwood of the same ring at this point. Since the radial diameter of the 
fibers of the summerwood is only about half as great as that of the springwood, it is clear that 
the number of fibers of the summerwood forms a much greater per cent of the total number of 
fibers than is indicated in the per cent of summerwood given above and based upon its relative 
width. Thus, in wood having 50 per cent of summerwood there are, in number, twice as many 
tracheids in the summerwood as in the springwood. 

The walls of the cells are generally about 3 to 34 « thick in the springwood, while in the 
summerwood they are 6 to 7 thick on the tangential side and 8 to 11 yw thick on the radial side 
of the fiber. Generally it may be said that the thickness varies inversely as the extent of 
the wall, i. e., the greater any diameter the thinner the walls parallel to this diameter, which 
gives the impression that each cell is furnished an equal quantum of material out of which 
to construct its house and had the tendency of giving an equal amount to each of its four or 
six sides. 

Generally the absolute width of the ring does not affect the thickness of the cell walls, the 
fibers of wide rings having no thicker walls than those of narrow rings; but when the growth of 
a tree is unusually suppressed, so that the rings are less than 0.5 mm. (0.02 inch) wide and each 
row consists of only a few fibers, the walls of the fibers of the summerwood, like those of the last- 
formed 2 or 3 fibers of ncrmal rings, are thinner, so that in these cases the wood is lighter in 
color and weight not only because there is relatively less summerwood, but also because the 
fibers of this summerwood have thinner walls. (See fig. 18, A and B.) In very stunted trees, 
where the rings are all very narrow, the reduced thickness of the walls is counterbalanced by 
the smaller size of the cells. 

All tracheids communicate with each other by means of the characteristic “bordered” pits. 
the structure of which is shown in fig. 16, These pits occur only on the radial walls of the fibers, 
They are most abundant near the ends of each fiber, fewest in the middle, form broken rows, 
single or occasionally double. (Pl. XXIII,C.) As in other pines the pits of the summerwood differ 
in appearance from those of the springwood. In the latter the pit appears in the cell lumen 
(radial view) as a perforated saucer-like eminence; in the former as a mere cleft, elongated in the 
direction of the longer axis of the fiber. (See Pl. XXI,B,dande; Pl. XXIV,D,dand E,a.) In 
both the essential part of the pit is similar, a circular or oval cavity resembling a double convex 
lens, with a thin membrane dividing it into two equal plano-conyex parts. (This membrane is 
shown only in the drawings, Pl. XXIV, D and EH.) In keeping with the small radial diameter of 
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the fibers of the summerwood, these pits are much smaller in the summerwood than springwood, 
and usually are very much fewer in number. 

The simple pits are in sets and occur only at the points where the fiber touches the cells 
of a medullary ray. (See fig. 17, also Pl. XXIV, E, sp., and other figures of this plate and 
Pl, XXV.) Above and below these simple pits occur very small bordered pits, communicating 
with those of the short transverse fibers or tracheids which form part of all medullary rays. 
(See Pl. XXII, D, b. p.) 

As in all pines, the medullary or pith rays are of two kinds, the one small, 1 cell wide, and 
1 to 10—in large averages 5 to 7—cells high; the other large, and each containing in the middle 
part a transverse resin duct. (See Pls, XXIT, XXIII, XXV, and XXVII.) Of the former there 
occur about 21 to 27 on each square millimeter (about 15,000 per square inch) of tangential 
section. The second class are much less abundant and scattered very irregularly, so that 
sometimes areas of several square millimeters are found without any of these rays. Generally 
about one of these rays oceurs to every 1.5 or 2 square millimeters, or about 300 to 400 per square 
inch of tangential section. In all rays the cell rows forming the upper and lower edge (see 
Pl. XXIII) are composed of short fibers or tracheids (transverse tracheids), while the inner rows 
contain only parenchyma cells. Occasionally small rays occur which are composed of tracheids 
only. (See Pl. XXII,C.) Frequently the rows of parenchyma are separated by one, rarely by two, 
series of tracheids (see Pl. XXIV, D, and Pl. XXV, D), giving rise to “double” or “triple” rays. 

The number of cell rows in each medullary or pith ray varies from 2 to 10, on an average trom 
5 to 7, and of these the rows of tracheids or fibers form more than half. (See Pl. XX VI, where 
the outer cells or tracheids are marked with dots.) 

The tracheids of the rays have thick walls covered with point-and bar-like projections, the 
boldest of which are on the upper and lower walls and surround the bordered pits. (See Pls. XXII 
and XXIII.) These short tracheids communicate with the common wood fibers, with each other, 
as well as with the parenchyma cells, by means of small bordered pits, which in this last case are 
bordered on one side (side of the tracheid) and simple on the other (half-bordered pits), The 
parenchyma cells occupying the inner rows of each ray communicate in the springwood part of 
the ring with each neighboring tracheid by 3 to 6, commonly 4 to 5, simple elliptical pits, in the 
summerwood by a single narrow, elongated slit-like pit (see Pls. XXII and XXIII), and with each 
other by small, irregular, scattered simple pits. 

The walls of these cells are generally smooth, but local thickenings, especially on the upper 
and lower walls and surrounding the pits, oecur quite frequently, though not regularly. 

The parenchyma cells of the rays are usually somewhat broader and higher than the fibers, 
the average height for both being about 21 to 27 jy, the average width about 20 y, while the length 
of each cell and fiber, greater in springwood and least in the summerwood, is from two to ten times 
as great as the height. Assuming 25 « and 20 « to represent the average height and width, and 
allowing 25 rays of 6 cell rows each to each square millimeter of tangential section, then the rays 
form about 7.5 per cent of the total volume and weight of the wood of these species. An attempt 
to utilize for purposes of identification the difference in the number, size, and distribution of 
these rays, or the proportion between the number of rows of tracheids and those of parenchyma 
cells, as was done by Dr. J. Schroeder,' has not been successful, and appears of little promise. 

The large rays with transverse resin ducts resemble the smaller rays described. On Pl. XXV 
at A such a ray is seen both in radial and tangential section. Series of transverse tracheids 
occupy the upper and lower edge, but the interior, unlike that of common rays, is several 
cells wide, and contains an open duct in its widest portion. (See Pl. XXVII,7.d.) This duet 
is commonly more or less filled with resin (see P]. XX VII, E); it is surrounded by thin-walled 
secreting cells, and, in the heart wood, often divided or filled up by thylosis, i. e., by very thin 
walled, much puffed out cells, growing out of the surrounding secreting cells before the latter 
perish. 

The walls of the secreting cells are quite thin, those of the remainder of the parenchyma 
vary to some extent in the different species. In the Longleaf and Loblolly Pines the walls of the 
parenchyma composing the principal part of the ray are generally quite thick (see Pl. XX VII, A-5), 


1 Dr. Julius Schroeder, Das Holz der Coniferen, Dresden, 1872. 
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thicker than those of the cells of ordinary rays, and especially thickened near the simple pits by 
which these cells communicate with each other. In Cuban and Shortleaf this thickening is much 
less conspicuous, and absent entirely in many cases (see Pl, XX V, A), while in the Spruce Pine it 
seems wanting altogether. 

These ducts exist even in the very first ring (next to the pith), are smaller and more numerous 
near center, but have essentially the same structure in the wood of the fifth and later years. 

The tracheids of the pith rays are wanting next to the pith, but occur in all rays in the outer 
part of even the first ring. The rays in this ring are generally lower, composed of fewer cell rows, 
but the cells are larger than in the rest of the wood. 

Both shape and size of these medullary rays are very variable; an average of about 0.4 mm. 
for the height of the ray and 60 , for the width at the resin duct was observed. An attempt to 
utilize the shape, especially the appearance of the two edges, as a means of separating the wood 
of these species has so far failed entirely. 

The large resin ducts running lengthwise in the wood or parallel to the common wood fibers 
are much larger than the transverse ducts, measuring, inclusive of the secretive cells, on an 
average about 0.2 mm. (0.008 inch) on their smaller radial diameter and about 0.3 mm. on the 
tangential. (See Pl. XXI, A, vr. d.) They are usually situated in the sammerwood of each ring, 
often in narrow rings, causing an irregular outline. They are smaller and more numerous near 
the pith, here usually forming several series in one annual ring, more numerous in wide rings 
than in narrow ones, but their number per square inch of cross section as well as their dimensions 
appear to be independent of the width of the rings. In their structure they resemble those of 
other pines. They are surrounded by thin-walled resin-secreting parenchyma, part of which 
often appears as if not directly connected with the duct. (See Pl. XXI, A.) In many cases all 
the tissue between two neighboring ducts is of this parenchyma. Longitudinal and transverse 
ducts frequently meet and thus form a continuous network of ducts throughout the wood. 


PLATE XXI.—CROSS SECTIONS. 


A, Pinus Txepa, 7. r.d., resin duet; 8. ¢., secreting cells; m.7., medullary rays; a, section of transverse tracheid of 
ray; b, the ray leaves the plain of the section at this point, small parts of it reappearing further on; c, simple 
pits connecting parenchyma cells of the ray; d-e, part of a row of tracheids formed during one season; 


J, flattened terminal part of a tracheid. 
B, PINUS HETEROPHYLLA, !9°. sp. w., Springwood; su. w., summerwood; a-b, part of a row of tracheids formed 
, ’ ! ] ? i £ J , ’ , Pp 
during one season; c, terminal parts of tracheids; d, bordered pit in springwood; e, same in summerwood; 


other letters as in 4. 
C, PINUS GLABRA, 14°. c, row of tracheids doubled; other letters as in B. 
Originals, all #92, 
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TYPICAL CROSS SECTIONS OF PINUS TZDA, HETEROPHYLLA, AND GLABRA. 


PLATE XXII. 


A, PINUS ECHINATA. Cross section of two rings; sp. w., springwood; su. w., summerwood. 

ZB, PINUS PALUSTRIS. Cross section of a very narrowring. Of the two medullary rays one is cut through a row of 
parenchyma, the other through a row of tracheids. : 

C and D, PINUS GLABRA. Radial sections; m.r., medullary rays; tr., tracheids of the medullary rays; p., parenchyma 
of the same; s. p., simple pits leading from the parenchyma to the neighboring tracheids or common fibers 
c. tr.; b. p., bordered pit. The ray at C is made up of tracheids only. 

£, PINus paLustris. Radial section; lettering as in D. 

Orivinals magnified: A, */°, the rest 9°; illustrations: 4A, +9, the rest 79°. 
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TypicAL Cross SECTIONS OF PINUS PALUSTRIS AND ECHINATA, AND RADIAL SECTIONS OF PINUS PALUSTRIS AND GLABRA. 
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PLATE XXIII.—RADIAL SECTIONS. 


A and B, Pinus ECHINATA. m.r., medullary rays; p., parenchyma of same; tr., transverse tracheids of rays; 8. p., 
simple pits; b. p., bordered pits; ec. tr., common tracheids. 
C, PINUS HETEROPHYLLA, su. w., Summerwood; other letters as in 4. 
Originals magnified “?°; illustrations, */°. 
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RADIAL SECTIONS OF PINUS ECHINATA AND HETEROPHYLLA, 
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PLATE XXIV.—RADIAL AND TANGENTIAL SECTIONS. 


A and B, Pinus Tapa. Radial sections; m. r., medullary rays; tr., tracheids; p., parenchyma of the rays; 8. p., 
simple pit; b. p., bordered pit; ¢. t., common tracheids. 

C-E, tangential sections. 

C, Prxus paLustris. Left-hand part in springwood, right-hand portion in summerwood. 

D-E, PINUS ECHINATA. D, Section in springwood; a-c, medullary rays; a, a small ray composed of tracheids only; 
c, a “triple” ray; d, bordered pit showing the membrane in place. 2, Section in summerwood; a, bordered 
pit, other letters as in 4 and B. 


Magnification of originals, *?°; of illustrations: A and B, 79°; C-H, *9°, 
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RADIAL SECTIONS OF PINUS TA-DA AND TANGENTIAL SECTIONS OF PINUS PALUSTRIS AND ECHINATA, 
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PLATE XXIV. 


PLATE XXV. 


A, PINUS HETEROPHYLLA, Radial and tangential sections of a transverse resin duct; ”. d., resin duet; m. r., medul- 
lary ray; t., tracheids of the medullary ray; p., parenchyma cells of the same; ec. tr., common tracheids or 
wood fibers. 

B-G, PrxNus GLABRA. B, tangential section of a transverse resin duct and parts of three fibers; b. p., bordered pit; 
other letters as above; C-G, tangential sections of medullary rays, of which / is made up of tracheids only, 
while D is a “‘ triple” ray. 

H, Pinus tepa. Tangential sections of medullary rays in spring and summer wood. 

Original magnified 500 times, illustrations about “/°. 
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PLATE XXVI.—TANGENTIAL SECTIONS. 


A-C and F, PINUS HETEROPHYLLA. D, PINUS ECHINATA. FE, PINUS GLABRA. 
A--C, sections of medullary rays; ¢., tracheids; p., parenchyma; C is a ‘‘double” ray. 
In D-F, histological details are omitted; they are camera drawings showing number and distribution of medullary 
rays, and also the proportion of the tracheids to parenchyma in each ray, the former being indicated by dots; 
r. d., transverse resin ducts; m. r., medullary rays, 
Magnification of originals: 4-C, *?°; D-I’, 4°; of illustrations: A4-C, *?°; D-F, *°. 
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PLATE XXVI. 


PITH RAYS AND PROPORTION OF PITH-RAY CELLS. 
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TANGENTIAL SECTIONS OF PINUS ECHINATA, HETEROPHYLLA, AND GLABRA, SHOWING NUMBER AND DISTRIBUTION OF 
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PLATE XXVII.—TANGENTIAL SECTIONS OF TRANSVERSE RESIN DUCTS. 


A-C, Pinus T&zpA. Dand L, P. pALusrRis. I, P. ECHINATA. G, P. HETEROPHYLLA. 1. d., resin ducts; tr., trans- 
verse tracheids; p., parenchyma, 
Magnification of originals, “}°; of illustrations, */°. 
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ERE DTEROE, TRANSMITELAE: 


U. S. DEPARTMENT OF AGRICULTURE, 
DIVISION OF FORESTRY, 
Washington, D. C., Mareh 15, 1898, 

Srr: I have the honor to submit herewith for publication a monograph on the White Pine of 
the Northern United States. 

The first draft of this monograph, like the one on ‘‘The Timber Pines of the Southern United 
States” (Bulletin No. 15, Division of Forestry), by Dr. Charles Mohr, was prepared more than ten 
years ago by Prof. V. M. Spalding, of Ann Arbor, Mich.; but it was then found that much informa- 
tion of practical value was still lacking, and hence publication was delayed until the deficiencies 
could be supplied. Professor Spalding, after having made several revisions, under the pressure 
of other work had to abandon the idea of amplifying and perfecting the monograph itself, and 
this was left to the undersigned, with the collaboration of the staff of the Division of Forestry. 

The undersigned is responsible not only for the plan of the work, but especially for the 
portions referring to forest conditions, forestal treatment, and for the discussion on the rate of 
growth, to which Mr. Mlodziansky also contributed. 

Mr. Filibert Roth, of the Division, besides furnishing the study on the wood of the species, 
has also contributed the portions on the history of the lumbering operations, while the discussion 
on the injurious insects is by Mr. F. H. Chittenden, of the Division of Entomology. 

A very comprehensive investigation into the rate of growth of the White Pine has been 
carried on since 1892 as opportunity afforded and funds permitted. The results of this investiga- 
tion, comprising the analysis of over seven hundred trees, in the form of tables and notes, will be 
found in the Appendix. The measurements in the field were mainly executed by Mr. Austin Cary, 
of Bangor, Me., and by Mr. A. K. Mlodziansky, of the Division. The latter also performed the 
calculations and tabulations in the Division, and in this work developed a short and satisfactory 
method of tabulating, analyzing, and using the large mass of data readily for the purpose of 
summarizing, averaging, and generalization. This method is described in Bulletin No. 20, 
Division of Forestry. 

The situation regarding White-Pine supplies has materially changed since this monograph 
was first conceived, so that it might almost be charged that this publication comes too late. This 
would be a misconception both as to the situation and the objects of the monograph. No 
information of any kind could have arrested the decimation of our White-Pine supplies, which 
proceeds through the momentum of economic laws; and even now, when it is well known that a 
few years will see their exhaustion, no change in the methods of milling with a view to length- 
ening the supplies is contemplated by the manufacturer, who is only concerned in keeping his 
mill running. The manufacturer is a harvester, not a forest grower. 

The object of this monograph is to lay the basis for an intelligent recuperation of the virgin 
growth by the forest grower of the future, work which will surely be begun presently, but which 
would not have been undertaken ten years ago. 

In the preparation of this monograph use has been made of all available sources of informa- 
tion. Acknowledgments are due to a large number of correspondents, named in the proper 
connection, who have rendered valuable aid by contributing notes on distribution or have assisted 
in other ways. 
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The botanical illustrations showing external characters are by Mr. George B. Sudworth; those 
of the anatomy of the wood are by Mr. N. B. Pierce and Mr, Filibert Roth, and those of parasitic 
organisms and disease conditions are from Hartig’s ‘Lehrbuch der Baumkrankheiten” and 
* Zersetzungserscheinungen des Holzes.” The illustrations accompanying the section on injurious 
insects were furnished by the Division of Entomology. The map of distribution was prepared in 
the Division of Forestry. 

The monograph is believed to be just in time for the use for which it is intended, namely, to 
prepare for the application of sylviculture to the remnant of our pineries. 

Respectfully, 
B. E, FERNOow, 
Chief of Division. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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(PINUS STROBUS Linneeus:) 
SYNONYMS. 


Pinus strobus Linneus, Spec. Pl. ed. 1, 1001 (1781). 
Pinus tenuifolia Salisbury, Prodr, 399 (1796). 


LOCAL OR COMMON NAMES. 


White Pine (Maine, New Hampshire, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, 
Pennsylvania, Delaware, Virginia, West Virginia, North Carolina, Georgia, Indiana, Illinois,” 
Wisconsin, Michigan, Minnesota, Ohio, Ontario, Nebraska). 

Weymouth Pine (Massachusetts, South Carolina, European literature). 

Soft Pine (Pennsylvania). 

Northern Pine (South Carolina). 

Spruce Pine (Tennessee). 


\ 


’ 2 4 aes a n 
| - 7 9 ; its is 
ar _ ; ie s] v - 7 Hag 
: th ‘bs | 
i 7 + 


~ Pach tan 
ive Wea on “ta i: 
- meet Jab » kr a 


ave 


Bu ve ip nae ie 


am pil VE ays apming ae 
phil : ee na : 

i bal hwo Seat 
i ~ Lael nz es ie 
a 7 2.) Ce i es hed Piet a 
) actin "seh pie prs . Sets 
ye = tli) 
brrs:.4 


ln i eaatea! Gyr): aaloedy AS Wry 
Wn : ae: 5 oe * eT > 
’ a othe bee { py a 
e ate e <@ le, = = - a : 7 
ey = le : ni Pl 7 
1 St ieee = a ot a * Laer ts re 
a U >’ (i PANT : oe of a 
t ? : - ¥ a | 7 Melt tod 7 
— a a % 
‘ ; ié ; : ; ,s he 1‘ j 
a ee Pe 
3 - A and fs 
5 > : eas a A 
_ & a 
i pal 
A Ale 
y j ‘ ve i 
a ee, 
| Coven 
ei 
: ; 7 ¥ 


BULLETIN No. 22, DIV. OF FORESTRY, U. 8. DEPT. OF AGR. PLATE |. 


> 
ERRiITORIES 


MAP 
SHOWING THE 
ORIGINAL DISTRIBUTION 
OF THE 


WHITE PINE (Pinus strobus L.) 
Prepared under the direction of 
B. E, FERNOW bg 


Chief of the Division of Forestry | 
U.S. Department of Agriculture | 
| 
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PINE FOREST WITH OTHER CONIFERS AND HARDWOODS 
PINERY PROPER ON SANDY SOILS; BEST DEVELOPMENT | 
IN COMMERCIAL QUANTITIES. 


Bes IMPORTANT AS AOMIXTURE TO HARDWOODS. 


EXTENSION OF BOTANICAL RANGE: OCCURRING |!SOLATED 
OR IN SMALL BODIES, 
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INTRODUCTION. 


For two centuries and a half the White Pine has been universally employed for purposes of 
construction in the Northern United States. Its abundance and the combination of qualities 
which adapts it to an almost unlimited number of uses have made it the most important and the 
most highly prized of all the timber trees of the region to which it is indigenous. In several of 
the Northern States it has been a more constant source of wealth and has yielded larger returns 
than any other single product. Thus, for instance, in 1879, a fair year for comparison, the natural 
products of the State of Michigan were estimated by Governor Jerome as follows:! 


ANgaonl ose MOO MNCL os 56 son soe oo sbeo see ec oeses Seen cess Ueecoe Sooces Steeooeccoss $88, 500, 000 
TUN oes ecto eekenss posses Hood shes cetees cosd qacesoudseseroresoctonosgseoe onde 60, 000, 000 
(Cay erss ac oc seoce Sess Sase sir abee Sosa taeage Hea Sess SpoSSOe es Gases oc ees Sees SHse 8, 000, 000 
IGUINN =e bra codgtes ce souREierSncee Sonos nes6 dooms wd cone gee sso gendsosd sseaossecssene 10, 000, 000 
SIE VRE RE repre AN oe She Mere het ee come Seen WNL Ie a eS eel JR CAE Ue npeeainyed 2, 000, 000 
BSH gee oetee eee eee satanic Says oe ght SSS aeete shea onis aeince Vase Agee Aheoeye 1, 000, 000 


According to this estimate the value of the timber products, chiefly White Pine, was at that 
time, in round numbers, six times that of the iron, seven and one-half times that of the copper, 
and thirty times that of the salt product of the State, and amounted to about 35 per cent of all the 
products of the State combined; and if the value of the entire White Pine product of the present 
year (1898), some 7 billion to 8 billion feet B. M., be taken into consideration, it will exceed in 
value at first points of production the entire gold and silver output of the country, which is not 
much less than $100,000,000. 

Commercial interests of great magnitude, dependent upon the handling and transportation of 
the White Pine product, have been built up in Chicago and other northern cities, and the diminu- 
tion or failure of the supply must inevitably result in the transfer of the capital thus employed to 
other purposes or to other centers of distribution. In fact, such changes have already been and 
are now being made with great rapidity, and much of the capital formerly invested in the pine 
lands and mills of the northern lake region has been transferred to those of the Gulf States and 
the Pacific coast. 

A multitude of industries is dependent upon a continued and large production of pine lumber, 
and its failure, though perhaps not threatening such a collapse of business interests as alarmists 
have pictured, will nevertheless involve serious if not disastrous consequences to the communities 
relying upon its continuance. The maintenance of an adequate future supply, especially in view 
of the well-known fact that the existing forests of White Pine can last but a few years longer, at 
most, is therefore a matter of great economical importance and can not receive too prompt 
attention, 


GEOGRAPHICAL DISTRIBUTION. 


The White Pine is a tree mainly of northern distribution, although it occurs along the 
mountain ranges as far south as northern Georgia. It occupies in this distribution the Boreal 
and Transition life zones, as defined by Dr. C. Hart Merriam. 


1 Michigan and its Resources, Lansing, 1881. 
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14 THE WHITE PINE. 


The botanical range of the White Pine may be circumscribed as follows: From Newfoundland 
and the Atlantic coast north of the Gulf of St. Lawrence its northern limit runs in a wavy 
line between the forty-ninth and fifty-first degree of latitude, its most northern extension occur: 
ring near its western limit, when, skirting the southeastern end of Lake Winnipeg, it turns 
southward, following more or less closely the ninety-sixth meridian of longitude, and in a 
southeastern direction the line which demarcates the boundary between forest and prairie to the 
Cedar River at the Iowa line, and along the Mississippi River, crossing it near Rock River, when, 
following this river for some time, it takes an easterly course to the head of Lake Michigan, then 
in a northeasterly direction through Michigan to the shores of Lake St. Clair and across Ontario, 
skirting the southern shores of Lake Erie in the two most northeasterly counties of Ohio, then 
turns southward through the eastern counties of that State, and following into West Virginia 
near the 1,000-foot contour line along the foothills of the Alleghenies through Kentucky and 
Tennessee, gradually withdrawing to higher elevations (1,200 feet) into northeastern Georgia; the 
line then returning northward along the eastern slope and crossing upper Delaware, reaches the 
Atlantic coast in southern New Jersey. 

The distribution of commercially valuable timber is, to be sure, very different and much 
more confined. The northern parts of Minnesota, Wisconsin, and Michigan contained probably 
the largest amount of White Pine, the broad belt of commercial pine of these States continuing 
eastward through Ontario, northern New York, and the northern New England States to New 
Brunswick and Newfoundland, and following the New England coast, while the higher elevations 
of the New England States showed preponderantly spruce with pine intermixed. The northern 
counties of western Pennsylvania also contained a large amount of White Pine timber mixed with 
Hemlock and hardwoods. The character of this distribution is exhibited by general outlines 
and shadings on the accompanying map (P1.I). The extreme limits of its sporadic occurrence 
can not be fixed with absolute precision, and from the nature of the case must remain more or less 
indefinite. Similarly, the limits of greater or less development can only be approximately stated. 

The occurrence of the White Pine was generally as a component of the mixed hardwood 
forest of the Atlantic, even in the best developed portions of its range, and under such condi- 
tions, that is, in mixture with other species, if seems to attain its most perfect development. 

The finest specimens of the highly esteemed “Cork Pine” of Michigan grew among hard- 
woods on a better quality of soils than those which produced less valued grades. On the lighter 
sands true pinery (pure or nearly pure growth of White Pine) occurs. Here its admixtures are 
most frequently of Red Pine (Pinus resinosa) and in its northern limits of Jack Pine (Pinus divar- 
icata), while on the better and cooler situations it accompanies the spruces (Picea mariana and 
P. canadensis) with Balsam Fir (Abies balsamea) and Hemlock ( Tsuga canadensis). 


CHARACTER OF DISTRIBUTION, BY REGIONS. 


The character of the occurrence of the White Pine in the forest within its field of distribution 
will readily appear from the descriptions in the tables of acre yield in the Appendix. 

In Maine, the lower altitudes, along the coast and some of the river valleys, contained in their 
hardwood forests the White Pine in fine development, which gave to that State its cognomen of 
the “Pine Tree State.” Reports of trees 6 to 7 feet and over in diameter and up to 250 feet in height 
testify to the capacity of the species in this region. The original stand of this pine in the Stateis 
practically entirely removed, while the young growth furnishes now again small quantities of 
logging material. The higher altitudes, with their slate and granite soils, are stocked entirely with 
the spruce and hardwood forest in which the pine occurs only as a scattering mixture and of 
inferior development. 

This same manner of distribution applies more or less to. New Hampshire and northern Nevw 
York. In the Adirondacks the pine, now almost entirely removed, fringes with the Spruce and 
Balsam Fir the many lakes and water courses and keeps to the lower altitudes; mixed in with the 
Maples, Birches, Beech, and Spruce, it towers 50 to 60 feet above the general level of the woods, 
with diameters of 50 to 40 inches. Its reproduction under the shade of its competitors, however, 
is prevented, young pine being rarely seen except on old abandoned openings in the forest. (See 
| 4 ho 
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Fic. 2.—OLD WHITE PINE TREE IN MIXED FOREST (YOUNG PINE IN THE FCREGROUND) IN NEW YORK STATE. 


CHARACTER OF DISTRIBUTION, BY REGIONS. 13 


In western New York the White Pine was once quite abundant as a concomitant of the hard- 
wood forest. Young growth is now creeping into every wood lot, while in Pennsylrania the White 
Pine occurred undoubtedly in the lower eastern counties in commercial quantities as well as in the 
adjoining counties of New Jersey, where it bégins to be a tree of the mountains, the higher slopes, 
ridges, and tops becoming its favorite habitat. It is here largely associated with Hemlock, which 
often becomes the preponderant tree. Pure pine growth is rare, but the mixed hardwood forest is 
seldom without an admixture of White Pine to the extent, as a rule, of about 30 per cent numeri- 
eally, the soils within the range of its occurrence being seemingly everywhere quite favorable to 
its growth. 

Besides the Hemlock, the coniferous species with which it is found associated are Pitch Pine 
(Pinus rigida) and Spruce, while Red Pine (Pinus resinosa), the most successful rival of the White 
Pine in the lake region, is here rarely met, and then only in single individuals. The hardwoods 
most frequently represented are Maple, Beech, and Birch, more rarely Oak and Chestnut, with 
Basswood, Cucumber, Hickory, Cherry, etc., interspersed in single individuals. 

The best development of the White Pine is usually found along the water courses. Thus, in 
Pennsylvania, in Luzerne County the White Pine is situated along Bear Creek and its tributaries; 
in Clinton County the pine is found on both branches of Hyner Run and along Youngwomans 
Creek; in Clearfield County there were 20,000 acres along Sandy Creek and its tributaries heavily 
timbered with White Pine, of which about 2,000 acres of primeval timber are left, which would 
cut about 100 million feet B. M. of White Pine. In Jefferson County a tract of Hemlock and 
White Pine forest of about 96 square niles, known as the Hay’s tract, is traversed by the North 
Fork and its tributaries. In Forest County the areas heavily covered with pine were situated 
along Hickory and Tionesta creeks. There is as yet standing over 100 million feet B. M. of White 
Pine along Hickory Creek and its tributaries. 

The heavy cut of pine in Elk County came from Medix Run, Dents Run, and their tributaries. 
The courses of the streams follow the trend of the ridges, the substrata of whicb are usually of a 
porous nature, consisting in most cases of slate or laminated shale, a soil very favorable to pine 
situated on moderately elevated grounds and slopes along the hollows and gorges, which, on 
account of the pervious substratum, offer most satisfactory soil-moisture conditions. 

From New Jersey the White Pine has practically vanished long ago as a factor in lumber 
production, and almost as a tree of common occurrence. 

With the extension of the distribution southward, the White Pine becomes less frequent and 
of inferior development; the climate forces it to higher and higher altitudes. It occurs in quantity 
only in islands or in small bodies on the crests and along the slopes of the Alleghenies, both east 
and west, usually accompanying water courses in broader or narrower belts. 

Regarding the manner of occurrence of the White Pine in these southern regions, the remarks 
of Mr. W. W. Ashe on the distribution in North Carolina (Bulletin No. 6, North Carolina geological 
survey, 1898) are more or less applicable: 


The woodland in which White Pine is the dominant coniferous tree is not extensive, but lies in isolated, small 
bodies along the crest and southern and eastern slopes of the Blue Ridge, or on the low hills on the west, ~*~ ~* 
extensive forests seldom being found above the higher limit (3,000 feet in Macon and Jackson counties), or perfect 
individual development attained below the lower (2,800 feet). In a few places on the southern slope of the Blne 
Ridge * * ~*~ the White Pine is associated with Yellow Pines as well as with deciduous trees, but the trees are 
generally short-boled, and neither so large nor tall as those growing at a higher elevation to the west of this range. 
Single specimens or smail groups of trees are locally dispersed in the broad-leaf forests throughout the mountain 
counties between the limits of altitude given above. 


It appears from these statements that in these latitudes below the 2,000-foot level this pine 
can hardly be expected to be of commercial or forestal value for the future. 

The area of greatest quantitative development is found around the Great Lakes and in the 
basin of the St. Lawrence and its tributaries, in the very places most perfectly adapted to its 
ready and economical exploitation and easy shipment to markets, the large number of streams 
that are capable of carrying logs, the accessibility of natural ports of distribution, and favorable 
climatic conditions inviting the logger and lumberman. Michigan, Wisconsin, and Minnesota 
have thus become known as the great lumber region of the United States. 


14 THE WHITE PINE. 


In Michigan the distribution of the species is entirely controlled by the character of the soil, 
all sandy areas being pinery proper, with large areas of pure growth of several square miles in 
extent containing only White Pine. Occasionally, and especially on the driest and poorest sandy 
gravels, the Red Pine (Pinus resinosa) associates and sometimes predominates, the White Pine 
not representing more than 10 to 20 per cent of the number of trees. In the northern regions 
Jack Pine (Pinus divaricata) takes the place of the Red Pine. 

The typical pine forest on fresh sandy soils consists of White Pine (45 to 55 per cent of the 
dominant growth) mixed with Red Pine (25 to 45 per cent) with scattering Hemlock (10 to 15 per 
cent) and occasional Fir and hardwoods. The undergrowth, usually moderately dense, consists 
mainly of small Hemlock, Fir, and young hardwoods. 

On moister sand with loam or clay subsoil Hemlock and hardwoods replace the pines, the 
Red Pine vanishing entirely and the White Pine occurring only in large isolated individuals. Into 
wet or swampy places the White Pine also penetrates in single individuals among Arborvitie, 
Hackmatack, and Spruce. . 

As the loam in the composition of the soil increases, the hardwoods inerease numerically, the 
White Pine occurring only in single individuals and groups, and Red Pine and Hemlock only 
occasionally. Finally, the heavy clay soils toward the southern range of the species give absolute 
preponderance or exclusive possession to the hardwoods, mainly Sugar Maple, Yellow Birch, and 
Beech, although occasionally White Pine appears scattered, or even in smaller or larger groups. 

Lumbering of White Pine in Michigan began about 1835, and was at its best in 1883, but now 
the virgin pine is nearly cut out. Reproduction is satisfactory on the sandy areas wherever fires 
are kept out, which is rare; on the clay-loam areas reproduction under the shade of the hardwoods 
is practically impossible. 

In Wisconsin the same dependence on soil conditions in the distribution of the species prevails 
asin Michigan. The accompanying map of the forest areas of Wisconsin, taken from Bulletin No. 
16, of the Division of Forestry, will serve to give an icea of the manner in which this distribution 
appears within the belt of best development. (See Pl. III.) From this map it will be seen that 
the distribution is to the largest extent dependent on soil conditions, the sandy soils representing 
the pinery areas, in which merchantable hardwoods and Hemlocks are wanting; the loam and clay 
areas are stocked with the hardwood forest, in which both Hemlock and Pine occur scattering or 
in isolated groves, represented almost entirely by mature old timber. Saplings, bushy young 
trees, and seedlings are comparatively scarce, an active reproduction of the pine evidently not 
going on. This condition is found especially on the heaviest soils, where the hardwoods crowd out 
the pine, while on the sandy or gravelly soils the pine holds its own and forms a fair proportion of 
the sapling timber. In the true pinery of the sandy soils the hardwoods are scantily represented 
by small White Birch, Aspen, and Maple. The Hemlock is entirely wanting. On the barrens 
proper the White Pine is replaced by Jack Pine and Red Pine, one, or both together, forming 
forests of considerable extent, usually with hardly any undergrowth or admixture save some 
seattering Scrub Oak. 

In Minnesota climatic conditions again begin to assert themselves in influencing the distribu- 
tion of the White Pine. 

The conifers become preponderant over the hardwoods everywhere. Pines, both Red and 
White, together with Tamarack (Larix laricina) and Arborvitw (Cedar—Thuja occidentalis) and 
some admixture of Spruce oceupy those sites, both swamp and dry lands, which elsewhere would 
be oceupied by hardwoods. With this change in composition goes a decrease in development; 
the sizes both in diameter and height are reduced. 

It is an interesting fact that both in Wisconsin and Minnesota the pine area does not, as in 
the eastern field of distribution, gradually fade out toward the prairie, but the true pine woods 
cease abruptly within 30 or 40 miles at most from the demarcation line of the prairie, leaving the 
intervening ground to Birch and Aspen or Serubby Oak and Jack Pine openings. 

In the Canadian extension of the species pure pinery 1s very rare. The great bulk of the 
most productive pine country lies northward and westward from the mouth of the Ottawa River 
to Georgian Bay in mixed growth, which consists mainly of hardwoods, with Hemlock, Spruce, 
Arborvitie (Cedar), and Balsam, while the lower tiers of Ontario are of the same character of 
hardwoods, with little scattering pine, as in southern Michigan. The eastern extension of the 
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NOTES ON GENERAL DISTRIBUTION. 15 


field of commercial pine in Canada followed mainly the St. Lawrence River as far as Quebec. On 
Newfoundland the species is indigenous to nearly the whole of the island, and in some parts pro- 
duces considerable quantities of merchantable timber. At its northwestern limit the forest fades 
out into prairie, the White Pine gradually disappearing, while at the northern limit the change 
is into Spruce forest. 

NOTES ON GENERAL DISTRIBUTION. 


Dr. N. L. Britton, for some years connected with the geological survey of New Jersey, writes of the occurrence 
of White Pine in that State as follows: 


Pine Brook Station and sparingly northward along the Southern Railroad of New Jersey (Britton); sparingly 
3 miles south of Woodbury, Gloucester County (Canby), and frequent in the middle and northern portions of the 
State. There are no White Pine forests in New Jersey, and the largest grove known to me is of but a few acres in 
extent. It evidently prefers a heavier soil than does P. rigida, which forms the forests of the pine barrens. On 
Staten Island, New York, there are a few scattered trees of P. strobus. 


Mr. William M. Canby, of Wilmington, Del., reports the existence of a grove of White Pine trees in upper 
Delaware, and Mr. Thomas Meehan, of Germantown, Pa., states that White Pine grows (or did recently) at the 
Soapstone quarry, on the east side of the Schuylkill, some 8 or 10 miles above Philadeiphia. Mr. Canby adds: ‘It 
is a very difficult thing to define the limit of a species that is being so rapidly destroyed, and doubtless the southern 
line is being rapidly effaced.” 

Prof. Lester F. Ward, of Washington, D. C., is of the opinion that Pinus strobus is not indigenous around 
Washington, and that the few trees met with in wild situations in its vicinity grew from seeds blown from planted 
trees. He has never met it in his botanical excursions into southeastern Maryland and Virginia. 


Mr. F. E. Boynton writes from Highlands, N. C.: 


I have seen some very fine specimens growing in Pickens and Oconee counties, S. C., but I have never seen it in 
this part of the country except in high altitudes, say from 2,500 to 3,000 feet usually. I have never seen or heard of 
its forming forests here. I have seen groves of a few acres where it might be said to predominate. As arule, itis 
found scattered among other forest trees. It nearly always grows in or quite near Rhododendron and Mountain 
Laurel thickets, which indicate a moist soil. It often grows to be a very large tree here I measured a log in the 
mill yard near here Jast night that was 37 inches through. Considerable lumber is cut from White Pine in this 
mountain region, but, as a rule, the lumber is of inferior quality, being very knotty and often shaky. Cultivated 
specimens thrive and grow very fast. It is usually found most common on southern exposures. The rock formation 
is granite, and soil usually a sandy or gravelly loam wherever I have observed the White Pine in this region. 


The following has been furnished by Prof. W.R. Lazenby, of the State agricultural experiment station at 
Columbus, Ohio: 


From all the data in my possession, I should say that White Pine is rarely met with in Ohio outside the borders 
of two of our northeastern counties, viz, Ashtabula and Lake. Occasionally asporadie patch has been noted along 
the banks of streams in some of the eastern counties. I have never heard of its spontaneous occurrence any where 
throughout the central or southern portions of the State. It appears to thrive well here at Columbus and submits 
kindly to change of soil. Wherever I have seen it in Ohio under artificial cultivation it has presented a thrifty 
appearance, although the young plants do not make a very rapid growth for the first few years. 


Concerning the occurrence of White Pine near the head of Lake Michigan, Prof. E. J. Hill, of Normal Park, IIL, 
writes: 

It begins at Whiting Station, on the Michigan Southern Railroad, and extends eastward to Michigan City. I 
came across a clump of White Pine once, about a mile north of Otis, where the Michigan Southern Railroad crosses 


the New Albany road. ~ ~*~ * Youwould be pretty safe in taking the Calumet River as the southern boundary. 
* * * T do not know of a single native tree in Cook County, Ill. 


Mr. M.S. Bebb, of Rockford, Ill., communicates the following concerning the occurrence of White Pine in the 
northern portion of that State: 


In a few localities on Kents Creek and Rays Creek, in Winnebago County, and giving the name to Pine Creek 
in Ogle, the county immediately north of this, the White Pine is certainly indigenous, but occurring only as a 
sparse growth, cresting precipitous banks, where it seems to have found a favorable environment. 


To this Mr. 8. B. Wadsworth, of Oregon, Ill., adds: 


The White Pine in Ogle County grows in some cases to a height of 40 or 50 feet. *~ * * Nearly all the small 
streams in Pine Rock township have some pines near the mouths of the streams if there are any rocks along the 
banks. * * * The White Pine prefers the St. Peters sandstone, but in some cases grows on limestone rocks. 


Mr. R. Williams, of Streator, Ill., says: 


White Pine is without doubt a native of La Salle County. It occurs on the Vermilion and its little tributaries 
wherever there is an exposure of carboniferous sandstone, and more frequently is seen close to the edge of the 
highest bluffs, where the soil is largely composed of the disintegrated rock. ‘lo find one beyond the influence of 
the sand rock would be almost phenomenal. The number is very small and their situation does not permit them to 
attain much size. I think that 40 feet is about the limit of height. Small thrifty plants from one to a few feet in 
height occur here and there, and are sometimes transplanted to the prairie soil, where they make a vigorous growth, 
outstripping Norway Spruce, Scotch and Austrian Pine, Hemlock, and White Cedar, Pines planted here in 1854 or 
1855 are now (1886) about 40 feet high. 


The limiting line of the White Pine beyond the Mississippi northwestward is traced substantially as indicated 
by Mr. Warren Upham in the Geological and Natural History Survey of Minnesota. Mr. Upham sends the following: 


The White Pine, wherever I have seen it in New Hampshire and other parts of New England and in the North- 
west, prefers somewhat clayey land. It does not thrive on wholly sandy plains (‘‘moditied drift” of glacialists), 
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which are denominated ‘pine barrens,” the congenial dwelling place in the East for the Pitch Pine (P. rigida), and 
in the Northwest for the Banksian or Jack Pine (P. divaricata); nor does the White Pine in either region grow 
plentifully and of largest size on very clayey land, which is the favorite location for Maples, Basswood, Elms, and 
other deciduous trees. The White Pine in this matter of its choice of soil follows the injunction, Medio tutissimus 
ibis. The Red Pine (P. resinosa), so far as I have observed, can thrive better on the very sandy plains and ‘ bar- 
rens” than the White Pine, being intermediate in this between the White Pine and the Pitch and Jack pines, 


Prof. T. H. Macbride, of the State University of Iowa, says: 


I have collected White Pine in the following counties in this State: Mitchell, Howard, Winneshiek, Allamakee, 
Clayton, Dubuque, Delaware, Jackson, and Museatine. It is, by others, reported from Scott. It ought to be found 
also in Fayette, but I have never run across it there. 


(This would confine the White Pine in Iowa to the counties bordering the Mississippi River and the Minnesota 
State line as far west as the Cedar River Valley. ] 


CONCLUSIONS REGARDING NATURAL DISTRIBUTION. 


The leading conclusions to be drawn from what has been stated regarding the natural distri- 
bution of White Pine seem to be the following: 

(1) Leaving out of consideration all the outlying portions of the region under discussion, there 
is left an area of not less than 400,000 square miles in the United States and Dominion of Canada 
within which the White Pine is in its home and surrounded by the conditions of its own choice, 
throughout which its successful cultivation is fully assured. 

(2) A much larger territory than this is included within the limits of extreme distribution as 
defined above, and there is abundant evidence to show that over nearly the whole of this wide 
area, and in some directions far beyond it, this species makes under cultivation a healthy and 
rapid growth. There is apparently no species of equal value indigenous to eastern North 
America that is at the same time adapted to so wide an area. 

(3) The habits of this species near the western limit of its natural occurrence, as well as 
experimental planting, indicate plainly that its successful growth can not be depended upon much 
beyond this limit. 


THE WHITE PINE LUMBER INDUSTRY. 


No species of American timber has been so much used for lumber as the White Pine, and 
the development of the lumber industry in this country is coincident with the exploitation of the 
White Pine forests. 

The commercial use of White Pine began with the first settlement of New England. The first 
sawmills were established in the seventeenth century, and numerous small sawmills, which were 
usually an attachment of the neighborhood gristmill, were in operation early in the eighteenth 
century. Timber was exchanged for merchandise, and the collections thus made were floated to 
ports of shipment, whence they were exported. This primitive industry, confined largely to White 
Pine, was continued well into the third decade of the present century. In 1850, J. S. Springer, of 
Maine, wrote: ‘“*Thirty years ago it was unnecessary to search for a locality for a lumber camp on 
the Penobscot, for a man could step from his house to his day’s work, the pine, that forest king, 
abounding on every side. Fifty years hence the vast pine forests through which the Penobscot 
flows will be on the eve of destruetion.” This prophecy has long since been verified, for the Spruce 
has practically taken the place of the White Pine in the lumber output of Maine. 

This early trade in White Pine, though involving small capital and limited operations on the 
part of each dealer, was by no means unimportant in the aggregate, lumber being a leading 
industry in New England from the first. The Bangor Weekly Register of March 2, 1816, noted 
that between 300 and 400 sleigh loads of lumber, ete., came into Belfast in one day. The Gazette 
of July 10, 1822, says that 136,086 feet of tumber and 35,000 shingles were hauled in on one Saturday 
by teams. In 1825 twenty-five vessels were engaged in the lumber trade from Bangor to the West 
Indies. The mills of those days were all small affairs, generally single-sash saws, driven by water 
power, with a capacity of 1,000 to 3,000 feet per day. About 1830 the construction of larger mills 
began, and in 1890 a capital of nearly $12,000,000 was invested in the sawmilling industry in the 
State of Maine alone. 

Iu general, it may be said that the White Pine of New England was cut by numerous small 
concerns, and that the bulk of the supplies was cut before modern sawmilling began. 
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Although the great forests of White Pine in Maine have disappeared, a small amount of this 
material is still ent in the State every year, so that since 1831, on the Penobscot, for instance, out 
of a total cut of about 150 million feet per year between 24 and’30 million feet have been pine, the 
pine thus generally forming 15 to 20 per cent of the entire output. 

In Pennsylvania the exploitation of White Pine likewise began quite early. Pittsburg 
furnished pine lumber to points along the Ohio and even to St. Louis, Mo. As late as 1850 
Philadelphia received its 150 million feet of lumber, largely White Pine, from the State, importing 
but very little from New England and the South. At Williamsport, the center of White Pine 
lumbering in Pennsylvania, the first large mills were erected about 1838, and the bulk of the pine 
was cut prior to 1870. , 

In the forties the White Pine product marketed at Williamsport excelled in quantity all other 
points of production. The highest production was reached in 1873, with nearly 300 million feet 
B. M.in logs boomed, which in 1893 had sunk to a little over one-tenth of that amount. While 
in 1875 the amount of timber standing was estimated as 3,300 million feet B. M.,in 1896 the State 
commissioner of forests places the remainder at 500 million feet B. M. 

The only uncut White Pine forests of Pennsylvania now standing are isolated bodies in the 
more inaccessible parts of Clearfield, Lycoming, and Tioga counties. 

In the State of New York, too, which in the Adirondacks and in the western counties con- 
tained considerable quantities of White Pine, the species is largely cut out. Hardly more than 5 
per cent of the cut is now of White Pine, the output from the Adirondack mills being in the 
neighborhood of 25 million feet B. M. 

» The exploitation of White Pine in the Lake region began during the thirties, when small 
mills were erected at various points, both in Michigan and Wisconsin. The first steam sawmill at 
Saginaw was built in 1834, and the first mill at Alpena was built two years later. Nevertheless 
the lumber industry of both Michigan and Wisconsin remained insignificant until toward the close 
of the fifties, when most of the present sites of manufacture had been established. Ten years 
later (1870) the annual cut of White Pine in Michigan and Wisconsin amounted to nearly 4 billion 
feet; Minnesota had scareely begun to contribute to the output; and in the marketing the rail- 
way was fast displacing the older method of rafting. The progress of lumbering is well illus- 
trated in the following figures from the Northwestern Lumberman, representing the annual cut of 
lumber alone from 1875 to 1897: 


Annual cut of lumber (exclusive of shingles and laths) of the three Lake States, Michigan, Wisconsin, 
and Minnesota, 1873-1897. 


Feet B. M. Feet B. M. 

LOTS swsss ceed ot] caease sees: SHOda ATOUTOOURPIPEOO sclera k es sees ee luis cee a 7, 425, 368, 443 
1c ( See Se ee et SOs DOO IOUOS EL SOU xase oat a cease Sac co oeees 7, 757, 916, 784 
STD esos Slas.e ces See Seescee DOS ODS O00 ISSO saree sees ae csecunenen seme 8, 388, 716, 460 
NST Ope rs felons tees ero eee ees BAO CLG OOO 1B8O escee ame oce asco cc seen ox bere 8, 305, 833, 277 
LO ilpeate aoe. = eos nae dace eee 0/595) Sodn4901| SoMa assetaeeesccecn sesectees 8, 664, 504, 715 
LSS Pe Somers tia st She SAG 8 Oe 3) 699; 4725759) | ARGS tos en ams cee sce wad enemce 7, 943, 137, 012 
USTO} se esss eee Saeed a4 C007 043. O00) |IB99 och san Seioes) cas Src bee eS 8, 903, 748, 423 
TRSO Re oe oe oor onic Sue ooenieces BRE PEE MUI Sy GRR) es ae ee eee 7, 599, 748, 458 
ARS Leese. cese cece ose se een GOSS BDO MAG SO aes secn ee es noo. anes sand 6, 763, 110, 649 
PS BZT ecm wean isioe starcueeeas fe Doe cit an NOLS O Di amas wee sats Soc a eSave oases 7, 093, 398, 598 
BBS ase sconces neceskes ces oak PGZA TOO BONES Ol en sceenie caeare cma acce es nee (Os too Oa sUpe 
SSL Ns cease consteoselseean asa eeee TOSS. Odor Oak WrlS Ota aan sects ae acte e castor aenee 6, 233, 454, 000 
SRG ie Soe oas cece wecw en Seas os bo Sc 7, 053, 094, 555 


Or, dividing the time into periods of five years each, the figures are as follows: 


Cut of lumber (exclusive of shingles and laths) in Michigan, Wisconsin, and Minnesota, by periods of 
Jive years. 


Feet. 
TG 180) eee ees Meee tee Nemes rae ce RUPEE Ln eee Aer ost old ope pecetene 21, 562, 090, 361 
ess oat AL) Mees SE ere eer ee te tances See eae 2eioa << loca aoe Sa aya ebeeeielaes 36, 933, 924, 888 
INSIST RSS) ee eS eee ie aa ce i, eens Se ae Sane ee mere onan ree 40, 542, 339, 679 
USO sk ROD pon eee een ee Nn mare wiottaicrale caicc-<aaara cca oe vaiecnMecsiose seaee 38, 302, 143, 140 
Total. ..-... FD S26 550 350002 5 SSS S356 SE SRE Sa ese SaaS Ss5sc6 137, 340, 498, 068 
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From the figures, to which about 10 per cent must be added for shingles, laths, ete., it appears 
that the yearly output did not reach 4 billion feet until 1879, and that the greatest increase in the 
cut occurred between 1876 and 1882, when the 7-billion mark was reached. This enormous cut 
continued until the general business depression of 1894 called a temporary halt. In Minnesota, 
pine lumbering began on the St. Croix and did not reach conspicuous dimensions until during the 
eighties, when the regions along the upper Mississippi, as well as the Duluth district, were opened. 
This progress westward is well illustrated by the following figures, which show the percentage of 
the total cut of lumber alone from period to period, by districts: 


Percentage of total cut of lumber, 1873 to 1895, by districts. 


Lumber cut. 


Districts. — 


1873 1880 1885 1890 | 1895 

Per cent. Per cent. Per cent. Per cent. Per cent. 
| Saginaw district and mills along railways in southern | 

| peninsula of Michigan .........--. .--+-+--+------+++-+ 36 31 27 24 | 16 
Ports about Lake Michigan, including those of Green | 

| Be seen en ce tan ance naae Cte ae a cones Cop wede ee 30 32 28 28 26 
District west of Chicago, that is, most of the mills in | 

Wisconsin and Minnesota.................-22--------- 34 37 45 48 58 


In this connection the White Pine trade of St. Louis presents an interesting illustration. The 
first pine lumber was received from Pittsburg in 1519, and this point remained the principal 
source of supplies for years. In 1843 a boom on the St. Croix River broke and the liberated logs 
were gathered and rafted to St. Louis, where they were sawn. In 1890 the first regular raft of 
Wisconsin logs was brought to the city. In 1853 Schulenberg and Boeckler built a large sawmill 
on the St. Croix, and from this time on rafts of sawed White Pine were sent to St. Louis from the 
northern rivers. 

The receipts of White Pine at St. Louis were: In 1853, about 60 million feet; in 1882, about 
162 million feet. Similarly the lumber trade of the city of Chicago, the greatest lumber market 
in the United States, if not in the world, illustrates well the development of the White Pine 
lumber industry. In 1847 only 32 million feet of White Pine lumber were received, The annual 
receipts at intervals of ten years since 1855 to 1895 were as follows: 


Feet. 
hoe, ee Re ee oe Ee Re Op ESE Se ae ee ae te Pea an eee IEE 306, 000, 000 
VSGD 22 oc ce loc n ce wns ween es coc w we sewn ns ce cess cose snc eenecens caencs secsss cccses 647, 145, 734 
ABTS oo ccwc cose scce cece cece nnas co vwes rowers neces Consencccecesescessnesccentusons 1, 153, 715, 482 
TBB5 . 2 one wen cee cee ce cree cone seen cee wee seen nn ent e een e cose ns sees cee secces 1, 744, 892, 000 
SOS occ enn nee ccs occ commen coc ccs sec enr wen mee was cecene cu wees sane cwesinces 1, 637, 389, 000 


The receipts reached their maximum in 1892 with 2,203,874,000 feet, and the heavy diminution 
since that date is not greater than would be accounted for by the general business depression 
throughout the country. 

In Canada, as in New England, the exploitation of White Pine began almost with the first 
settlement. Logs, hewn timbers, and especially ship spars, were exported in early days, and of 
late years an extensive trade in sawn lumber, as well as saw logs, has sprung up between that 
country and the United States. Since reliable statistics of the lumber output of this region are 
wanting, the following figures for the dues on crown timber in Ontario and Quebec must suffice to 
illustrate the development of the industry: 


Average annual dues on crown timber for Ontario and Quebec. 


E> ee ee tes, V2) eas b abate Nan Sls lh tabu r alk y $24, 000 
LBYB*1S5 Loose o occ. scala ee eS Ce ede eee Ee eee ene eee ne 82, 000 
LSSD-ASBT. cee ee ae ee Seas cee ane eee a Rie et leas 122, 000 
1858-1866: o0< on <oodncrsee Coe ee Te ae eas SS sae ee eee ae 168, 000 
ey nl) nea A eer ee rR ar een ak 450, 000 


The export into the United States for 1894, the heaviest year, was: Lumber, 1,155 million 
feet (Pine and Spruce); pine logs, 277,947,000 feet, or less than 14 billion feet B. M. 
Though scattering White Pine occurs in all provinces of eastern Canada, large bodies of 


merchantable timber are only to be found on the upper waters of the Ottawa, and on the shores 
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of Lake Huron (Georgian Bay district) and Lake Superior, and the White Pine lumbering is 
practically confined to these districts. The output of White Pine in the Dominion is estimated 
at 14 to 2 billion feet per year. 


ORIGINAL STAND AND PRESENT SUPPLIES. 


What the original stand of White Pine was is difficult even to estimate. The amount of 
White Pine cut in the New England States, New York, Pennsylvania, and the eastern Provinces 
of Canada is not known, and the only reliable figures which give an indication of what has been 
harvested are the figures for the Lake States above mentioned. For the Lake region alone the 
estimated original stand for Wisconsin may serve as an illustration. For the pine-stocked area of 
this State, a total stand of about 150 million feet per township (23,000 acres) has been shown to bea 
fairaverage. This would indicate a total of about 130 billion feet, of which about 66 billion feet were 
cut between 1873 and 1897, and about 20 billion feet are supposed to have been cut prior to 1873, 
making a total of about 86 billion feet as actually harvested, while about 18 billion feet were 
believed to be still standing in 1897. These figures are based upon a thorough canvass made by 
My. Filibert Roth and published in detail in Bulletin No. 16 of the Division of Forestry. On the 
same basis, Michigan possessed fully 150 billion feet and Minnesota may be assumed to have had 
about 70 billion feet, which would make an aggregate of about 350 billion feet of pine for the Lake 
States. Of this about 170 billion feet were cut between 1873 and 1897. and about 50 billion feet 
were probably cut prior to this time, accounting for about 220 billion feet out of 350 billion feet. 
While it must remain mere conjecture, it seems quite fair, nevertheless, to assume that the total 
supplies of White Pine aggregated probably not less than 700 billion feet of standing timber 
originally. Of this total, then, not less than 50 per cent was contained in Canada and the 
Eastern States, the United States portion representing about two-thirds of this heritage, the 
Canadian portion showing less than 20 per cent of total supplies. 

Of this large amount of virgin supplies, a little over 15 per cent, or 100 billion feet, may be 
estimated as standing. These supplies may be approximately distributed as follows: 

Canada is credited by the statistician of its department of agriculture with about 37 billion 
feet of standing pine, an estimate probably far below the real truth. For the Lake States the 
following estimates were made in 1897 by the best-informed man of the Lake region: Minnesota, 36 
billion feet; Wisconsin, 18 billion feet: Michigan, 10 billion feet. These estimates are considered 
quite high by many. The standing pine in Michigan is placed by a detail township canvass in 
1890 at only about 6 billion feet; the standing White Pine of Minnesota is estimated by the State 
chief fire warden at only about 12,600 million feet, while an estimate for Wisconsin made in 1895 
places the standing pine of that State at only 8 billion feet. 

Retaining the larger figures as probably the nearest correct, there exist to-day: In the Lake 
States, about 64 billion feet; in Canada, over 40 billion feet; in New York and Pennsylvania, not 
over 2 billion feet; in New England, not over 3 billion feet; in West Virginia and Tennessee, uot 
over 1 billion feet; making a total of about 110 billion feet, or about 22 per cent of what may fairly 
be believed to have been standing originally. Of this standing supply, about 100 billion feet are 
so located that the present rate of exploitation (over 6 billion feet per year) can be, and probably 
will be, continued until over 75 per cent of the present supply is cut, when, of course, a lack of 
logs will lead to a reduction in output. This condition may be looked for before the end of the 
next ten or twenty years, and from that time, unless recuperative measures are adopted, White 
Pine will cease to be the great staple of our lumber markets. 

In former years lumbering of all kinds was careless, and even in the White Pine forests the 
prevailing ‘inexhaustible supply” notion led to enormous waste. Stumps were left 3 to 4 feet 
high, all detective trees were left, and top logs burned up with the débris. Many of these old 
slashings have been logged for the second and even the third time, often yielding a greater profit 
than when first culled. 

At present this is no longer the case. High stumpage prices and a perfect market have led 
to the closest economy in logging, milling, and shipping of White Pine. The trees are felled with 
the saw, the stumps are 18 inches and less, care is had in the marking and sawing of logs, and 
the top is utilized, irrespective of knots, just as far as it will make saw timber. Defective logs 
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are rarely lett behind, and “clean cutting” now means the removal of all logs, however defective. 
In logging, ice roads, improved by nightly sprinkling, enable the transport of enormous loads 
(5,000 feet and more) by single or double teams. The logging railway is fast finding favor, and in 
many places the logging is thereby made continuous, being carried on at all seasons. (See Pl. IV.) 

The yields in White Pine are, as might be expected, very variable. 

A cut of 2 million feet B. M. on a * forty,” or 50,000 feet per acre, was not a rare one in the 
pineries of southern Michigan, and occasionally such cuts are made in Wisconsin and Minnesota. 
To yield such a result the entire *‘ forty” must be well and evenly stocked. The best acre, then, 
need not be far above the average, and, in fact, rarely exceeds 75,000 feet. 

A stand of 1 million feet on a “forty,” or 25,000 feet per acre, is a good one, but was of quite 
common occurrence in all White Pine distriets, and may still be found in many places, while whole 
townships or counties have averaged 10,000 feet per acre. 

These yields depend, of course, on the character of the forest growth, the greater or smaller 
admixture of other species occasioning the differences. Thus, if any large territory of the pine 
districts were taken into consideration, a yield of 150 million feet per township would be found a 
fair statement for most parts of the pineries of Wisconsin and Michigan. 

The best yields do not usually come from those tracts which contain the largest trees, but 
where the pine is least mixed with other species and stands most dense. 

Such areas, pineries proper, where no merchantable hardwoods were mixed with the pine, are 
usually tracts of loamy sand, and occur in extensive bodies in all three of the Lake States. 
Generally, White Pine cuts more wasteful than Norway or Red Pine, has a thicker bark, more 
large dead limbs and knots, these latter often coming to within 20 feet of the ground, even on large 
trees, and is quite given to forking. This latter peculiarity seems natural to the tree, and has 
been observed abroad as well as here. It seems independent of the character of the soil, as it 
occurs on clay and sand alike, but it is often localized, so that on a small tract of 10 or 20 acres 
nearly all trees are forked. Trees with three and four forks are not rare, and five forks occur. In 
addition, White Pine is extensively defective by decay. so much so that in some localities 15 to 20 
per cent must be allowed for the loss from this source. 


NATURAL HISTORY. 


The oldest description of the White Pine appears to be that of Plukenet, published in 1700, 
Its scientific name of Pinus strobus was given the species by Linnieus in 1755, and unlike most 
trees but one other scientific name has been applied to it, the synonym being Pinus tenuifolia Salis- 
bury, 1796. Besides the generally accepted common name of White Pine, the species is locally 
known in the United States as Soft Pine, Northern Pine, and Spruce Pine, and to a limited extent 
by its usual European name of Weymouth Pine. 

The species was first introduced in Europe at Badminton, England, and was soon after exten- 
sively planted on the estate of Lord Weymouth, whence its common name abroad. It was also 
extensively planted in Germany at the end of the last century under the same name, Weymuth- 
kiefer. 

BOTANICAL DESCRIPTION. 


White Pine (Pinus strobus L.) in its natural habitat is a tree of large size, 100 feet or more in 
height (not unfrequently attaining a height of over 150 feet, even trees of 250 feet in height having 
been reported), with smooth, thin, grayish bark (fig. 1), becoming at the base thick and deeply 
furrowed with age. The leaves are slender, straight, triangular in section, five in a sheath, 24 to 
43 inches long; resin duets, chiefly two near the dorsal face; stomata in three to five rows on the 
ventral faces; fibro-vascular bundle, one. Cones,single or in groups of two to three, stalked and 
pendulous, 4 to 6 inches long. cylindrical, slightly tapering and curved, fruit-scales oblong wedge- 
shaped, the apophysis half pyramidal, with a triangular blunt point. Seeds, one-fifth to one-fourth 
inch long, grayish-brown, with a thin membranaceous wing. Cotyledons, seven to eleven. 

A number of varieties, more or less distinctly marked, are recognized in cultivation. Among 
these are nana, a dwarf, bushy form, cultivated in gardens in the Old World; nivea, viridis, and 
aurea, named from the color of their leaves; brevifolia, and several others (wmbraculifera, minima, 
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Sastigiata, gracilifolia, variegata, zebrina, and prostrata), some of which are propagated and sold as 
special attractions in nurseries. 
RELATIONSHIP. 


The White Pine (Pinus strobus) is closely related to the Bhotan Pine (Pinus excelsa) of India, 
the Swiss Stone Pine (Pinus cembra) of southern Europe, the White Pine (Pinus flerilis) of the 
Rocky Mountains, the Sugar Pine (Pinus lambertiana) of the Pacifie coast, and a number of others 
less generally known, of which Pinus monticola, P. albicaulis, P. strobiformis, P. quadrifolia, P. 
parryana, and P. cembroides are natives of the United 
States. 

The species belonging to this section of the pine genus 
are distinguished by their slender, delicate leaves, five in 
a sheath; by the exceptionally soft and even texture of 
their wood, and by certain well-defined botanical charac- 
ters, by which they are marked as a natural and easily 
recognized group. 

The group of species just named shows a preference, 
generally characteristic of this section of pines, for ele- 
vated, mountain regions, and a light rather than a heavy 
soil, making, as a rule, a healthy growth on sandy and 
rocky places, and manifestly preferring these to low and 
heavy soil. All are handsome trees, symmetrical in form, 
some of them, as the Sugar Pine (Pinus lambertiana), of 
rapid growth, and forming magnificent specimens from 
150 to over 200 feet in height, while others are of slow 
growth, as the Stone Pine of the Alps, which produces, 
however, a beautiful, fine-grained wood, extensively used 
by the Swiss peasants for carving. The Bhotan Pine of 
the Himalayas is the representative of the White Pine in 
Asia, resembling it very closely in habit, size, structure 
of wood, and various technical characters. 

Admitting the common ancestry of these various species, a more extended comparative study 
of their preferences and habits would be of much interest in relation to their cultivation beyond 
their natural range, considering the fact that, whatever their environment, such ancestral traits 
are certain to manifest themselves. 


Fig. 1.—Bark of old White Pine. 


MORPHOLOGICAL CHARACTERS. 
ROOT, STEM, AND BRANCH SYSTEM. 


In the natural forest, with a due amount of shade, the White Pine has at maturity a straight 
columnar trunk, destitute of branches for half to two-thirds of the distance from the ground to 
the tip of the leader. 

The branches are for many years disposed regularly in whorls, and during this early period 
the tree retains a symmetrical, conical form, and is one of the most graceful of the pines for orna- 
mental cultivation, but, as is the case with other conifers, the lower branches are short lived, and 
ultimately, by their decay, the tree becomes unsightly. This fact, which renders this species, in 
common with all other conifers, undesirable during part of their lifetime for ornamental purposes, 
gives it the greater value as a timber tree. 

The crown, at first pyramidal, is finally less regular, although rarely flattening, and, owing to 
the rapid and persistent growth of the tree, conspicuously overtops the surrounding forest of 
deciduous trees. The root system is small compared with the size of the tree and spreads near the 
surface of the ground; its comparatively slight development is in harmony with the less pro- 
nounced dependence of this species on the soil and its greater dependence on the atmosphere. 
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Nursery seedlings produce numerous slender, fibrous roots, the delicate tissues of which are as in 
most conifers easily dried at the time of transplanting, resulting in very serious injury or loss of 
plant material. White Pines planted upon the dry sand along the Lake Michigan shore and 
trimmed of their lower branches have been observed restoring these lower limbs and forming a 
thick, green covering over the roots before making any height growth, suggesting in a striking 
manner the necessity of protecting the root system against too rapid evaporation and a too highly 
heated soil. In the natural forest, and in artificial groves properly planted, the fallen leaves fulfill 
this function by making a deep, thick coating over the roots. 


LEAVES, 


The leaves arise from greatly reduced short branchlets and are produced five together, sur- 
rounded at the base by a thin deciduous sheath, and are further distinguished by being more 
slender and delicate than those of our other native pines. (PI. V, 7,2,3,4.) The relative position 
of the five leaves inclosed in their common sheath is shown in Pl. V, 5, and in PI. V, 6, is repre- 
sented a cross section of a single leaf, magnified sufficiently to show the characteristic arrange- 
ment of the tissues. 

Without entering into a detailed account of its functions, which would here be irrelevant, it 
may nevertheless be remarked that the leaf of the White Pine constitutes a highly complicated 
and delicate piece of apparatus. Like all foliage leaves, the leaf of the White Pine fulfills the 
important functions of respiration and the manufacture of starchy food, during which processes 
large amounts of watery vapor are exhaled. 

A healthy pine seedling, three years old, in the air of a dry room, lost by evaporation in 
twenty-four hours 81.1 per cent and in the following twenty-five hours 96.7 per cent of its entire 
dry weight.'| The evaporation, chiefly through the leaves, is more rapid in the daytime than in 
the night, in clear than in cloudy weather, and most rapid of all in a drying wind. It will readily 
be seen that if a tree is planted on a clear, dry, and windy day, the conditions are the most 
unfavorable that could possibly be chosen, the rapid evaporation carrying off the water of the 
plant beyond the capacity of the roots, not yet adapted to their new place, to meet the demand, 
which results in the drying up of the tissues and often in the death of the tree. 

The various forms of modified leaves are characterized by extreme delicacy. Winter buds 
(P1. V, 7), with their thin and small scales, present a striking contrast to those of Longleaf Pine, for 
example, and other species that produce large buds with relatively thick and coarse scales. The 
very loose leaf sheaths and scale-like leaves of the young shoots are early deciduous, a fact that 
contributes to the growth of the smooth, clean bark characteristic of the branches of White Pine, 
in which it differs in so marked a way from the species of the Yellow Pine group. 

In Pl. V, 1, the modified, scale-like leaves that constitute the loose sheaths are conspicuously 
shown. Separate fascicles, with their sheaths, are represented in Pl. V at 2 and 3, while at 4 is an 
older one as it appears at the end of the summer after the sheath has fallen. 


EXPLANATION OF PLATE V. 


1, Shoot showing foliage and scale leaves of different ages. 
2. Young fascicle with sheath. 

3. Young fascicle further developed. 

4, Still older fascicle from which the deciduous sheath has fallen. 
5. Section of fascicle inclosed in sheath. 

6. Section of leaf magnified. 

7. Winter bud. 


FLORAL ORGANS, 


Flowers and fruit are rarely produced to any considerable extent before the tree has attained 
the age of fifteen or twenty years, though occasionally trees may bear fruit at ten to twelve years 
of age. . 

The staminate and pistillate flowers are separate, but produced on the same tree. They 
appear in May, the pollen ripening and pollination taking place (in the latitude of Ann Arbor, 


' According to determinations made in the botanical laboratory of the University of Michigan, November 18, 1886. 
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CONES, SEEDS, ETC., OF THE WHITE PINE. 
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Mich.) between the middle and the end of the month, The staminate flowers are borne laterally 
on the shoots of the season (PI. VI, 7). They are extremely simple in structure, consisting of 
numerous pollen sacs borne in pairs on the outer face of the scale-like staminal leaves. The 
pollen is produced in great abundance and is carried by the wind to great distances. Fertilization, 
however, notwithstanding the profuse production of pollen, often fails to take place. In fact, 
failure appears to be rather the rule than the exception, if we consider the frequeney of “ off 
years,” in which little, if any, good seed is produced. But doubtless other causes often combine 
to prevent the production of a full crop of seeds. 

The pistillate flowers occupy the apex of the young shoot (P1. VI, 2), finally forming a bunch of 
cones pendent from the ends of the branches. At the time of pollination they are about one- 
fourth of an inch in length and have the appearance of minute fleshy cones, which by the end of 
the first summer’s growth have attained the length of three-fourths of an inch to an ineh, and 
have the appearance represented in Pl, VI, 3. They are not ripe until the fall of the succeeding 
year, when the cones, having now attained their full size, as shown in PI. VI, 5 and 6, open and 
allow the winged seeds to escape. In order to prevent loss of seeds it is necessary to gather the 
cones a little before they ripen, which occurs during early September in most localities of the 
natural range. Afterwards, if kept in a dry place, they will open readily themselves and allow 
the seeds to fall out. The ripening is signalized by the change of color to a yellow brown and the 
forming of a resin coat. 

SEEDS. 


The seeds are one-fourth of an inch in length by about half that measure in breadth, of an 
oval form, grayish-brown in color, sprinkled with darker spots, and provided with a thin, delicate 
wing, by means of which they are disseminated through the agency of the wind (Pl. VI, 8). The 
seed coats consist of a hard outer shell, or testa, inside of which is a thinner membrane, the 
endopleura, Inside of the seed coats is the whitish endosperm, constituting the food of the 
germinating plant, within which, occupying the center of the seed, is the small, straight embryo, 
the three parts of which, stem, radicle, and cotyledons, are plainly distinguishable. 

To get 1 pound of seed from 2 to 24 bushels of cones are necessary. 

Concerning the production of seed, the experience in this country is but fragmentary. The 
individual tree begins to bear quite early. Isolated specimens, or trees in open groves, bear cones 
before they are twenty years old, and even trees in the dense forest seem to bear generally before 
they are forty years of age. The capacity to bear abundantly is retained to old age, the oldest 
trees seen still bearing heavily, and even mutilation by fire or otherwise does not prevent the trees 
from bearing. 

EXPLANATION OF PLATE VI. 


. Staminate flowers of Pinus strobus just before shedding of pollen. 

. Pistillate flowers, terminating young shoot. 

Young cones in autumn of first year. 

Young cones early in summer of second year. 

Cones at close of second year’s growth before opening of scales, 

. Mature cone, the scales separated to admit of dissemination of seeds. 
. Single seale, showing outer surface. 

. Single scale, showing inner surface with seeds in place. 
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SEED SUPPLY. 


A full crop of seeds is usually produced by the same tree only at intervals of several years. 
Cones may be formed year after year, but upon examination it is often found that many of the 
seeds are abortive. Of a large number of cones gathered at Ann Arbor, Mich., in 1886, not a 
single one showed a perfect seed. Mr. John E. Hobbs states that the same year (1886) was a good 
seed year in Maine, and that trees had not produced so largely before since 1879. According to 
Mr. J. Dawson, of the Arnold Arboretum, a crop of seed may be looked for about once in five 
years, though others make intervals between seed years shorter. The frequency of seed years has 
not been sufficiently noted as yet to warrant any general statement, but it is known that during 
certain seasons the seed production is perfectly general over large areas, while in other years it 
is not. Thus, in 1897 the White Pine bore heavily in every pine county in northern Wisconsin. 
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The frequency of seed years varies of course not only on account of more or less favorable seasons, 
but according to locality and climatie conditions. In Europe the White Pine is regarded as a 
frequent and heavy seecer, one year out of three being generally productive. A grove of 8 acres 
near Frankfort on the Main produced during twenty years, on an average, $100 worth of seed, 
with a maximum yield of 3500, and with but three “off” or fail years in the twenty. Similarly 
an area of about 40 acres in the Palatinate furnishes as high as 1,700 bushels of cones, or about 
1,300 pounds of seed, supplying all the nurseries of the Palatinate State forests with seed. 


THE WOOD. 


The structure and development of the wood of the White Pine may be studied to the best 
advantage by beginning with a young shoot cut from a vigorous tree in early summer. A cross 
section of such a shoot in the first season of its growth (PJ. VII, 7) shows three plainly marked 
zones—the pith (m) surrounded by the wood (.c) and the inner bark (ph), which together form 
the conspicuous zone crossed by radiating bands, the so-called medullary rays, and outside of the 
parts just described, a broad zone of cellular tissue, constituting the middle bark, which is bounded 
externally by the epidermis. 

The pith, medullary rays, and middle bark consist of simple cells, originally of an irregularly 
rounded form. Together they constitute the so-called ground tissue of the stem, as distinguished 
from the fibro-vascular portion, which includes the wood and inner bark. 

Within the cortical portion of the ground tissue numerous large openings (Pl. VII, 7, rd) are 
seen, of different sizes and apparently without definite arrangement. These are the resin ducts. 
Each duct runs longitudinally through the stem, and consists of a central cavity filled with resin, 
around which is a single layer of secreting cells, easily distinguished by the nature of their con- 
tents from the surrounding cells of the cortex, At this stage of development the resin ducts are 
confined to the cortical parenchyma, none having yet been formed in the woody portion of the 
stem; but later in the season, as may be seen in older sections, a number of ducts are formed, 
arranged in a circle near the periphery of the wood. These have essentially the same structure 
as those of the cortex, but are of smaller size and are surrounded by fewer secreting cells. In 
cross sections of older stems the resin duets are seen, arranged in an irregular circle, in each 
annual ring. Their physiological significance is not fully understood, though there can be little 
doubt that De Vries is correct in assuming that the abundant resin is of service to the growing 
tree, when wounded, in preventing decay of the wood, and that its preservative influence is con- 
tinued after the tree has been cut into lumber. 

In such a young shoot as has been described the cells are vitally active, and are filled with 
granular protoplasm, in addition to which several other substances are either produced or stored 
up in them, particularly in the cells belonging to the ground tissue. Chlorophyll oceurs in the 
pith and medullary rays as well as in the cortical portion. It is most abundant in the cells of the 
cortical parenchyma, occurring in the form of minute grains, irregular in shape and size. Starch, 
in rounded granules, oceurs abundantly throughout the ground tissue, the cells of the cortex con- 
taining a larger proportion than those of the pith. Resin, as already stated, fills the resin ducts 
and the secreting cells around them, though starch is often found in the latter. 

Passing now to the woody portion immediately surrounding the pith, two characteristic fea- 
tures at once attract attention. The elements composing the wood, x ( Pl. VII, 7 and 3), have a 
much narrower lumen than those of the pith, and are regularly disposed in radiating rows. These 
elements, the tracheids, are elongated thick-walled cells, four to six sided, according to the number 
of tracheids by which they are surrounded. Their walls are lignified and are marked by the 
peculiar structures called bordered pits. Their structure, when fully developed, is shown in PI. 
VIII, 7,2,and 4. In the economy of the tree the wood fulfills the funetion of mechanical support, 
and serves as the conducting tissue through which the water, evaporated from the leaves, is carried 
up from the roots. 

The medullary rays are composed of cells so flattened by the pressure of the tracheids that 
on longitudinal sections they appear as represented in P]. VIII, 3. They contain a conspicuous 
nucleus, are closely packed with granular food substances, and serve collectively as a storehouse 
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of reserve materials. Communication between these and the tracheids is effected by means of 
simple pits on their radial walls. 

The inner bark, or phloem, ph (Pl. VII, 7 and 3), closely resembles the young wood on 
cross section, its elements being arranged in radiating rows and traversed in like manner by the 
medullary rays. The cells composing it differ, however, in various important particulars from 
those of the wood. Their walls are of cellulose, and although important as conducting tissue, they 
contribute comparatively little to the rigidity of the stem. 

Between the wood and inner bark is the cambium or formative tissue, represented in Pl. 
VII, 7, as a light band of extremely small and delicate cells, and in the same plate as a zone 
of cells with thin walls and large lumen, contrasting strongly with the wood elements and those of 
the inner bark between which they lie. Itis from the cells of the cambium that those of the wood 
are formed on the one hand and those of the bark on the other. The process isa gradual one, and 
no absolute line of demarcation can be drawn between the cambium and the tissues derived from 
it. The cells of the cambium multiply by tangential division. The essential features of this 
process, as regards the position of the cell walls, are represented in Pl. VIII, 4, in which the 
lightest lines represent the youngest walls and the heavier ones those of greater age, successively. 
It is by the constant repetition of this process of tangential division and the subsequent thicken- 
ing of the walls of the cells thus formed that the wood and inuer bark make their yearly increase 
in thickness. In the spring the cells of the cambium are large and vigorous, and a rapid forma- 
tion of wood elements with relatively thin walls and large cavities takes place, while later in the 
season much smaller tracheids with thicker walls are formed. This results in the strong contrast 
between the wood last produced in any given year and that formed at the beginning of the next 
season’s growth, giving rise to the sharp distinction of annual rings so clearly brought out in 
TENG, WA aie 

The histological characters thus briefly summarized hold true, in a general way, for other 
conifers as well as the White Pine. This species, however, presents a number of peculiarities 
that are of both physiological and economical interest. 

The resin ducts of the White Pine are larger and more numerous in the cortex than in the 
wood, an arrangement well adapted to secure the protective action of the resin contained in them 
without introducing an element of weakness into the wood. Comparisons with other species bring 
out this fact in a striking manner. Thus, upon comparing the distribution of the resin ducts in 
stems of the White and Scotch pines, as nearly alike as possible, it was found that in the cortex 
of White Pine stems of one year’s growth the number of resin passages ranged from 20 to 47, the 
average being about 33. The number in the wood was more uniform and averaged about 13. In 
the Scotch Pine the average for the wood was found to be 33 and for the cortex 10. Taking the 
second year’s growth in the same way, the average number for cortex of White Pine in the 
specimens examined was 28 and for wood 27; in Scotch Pine, tor cortex 9 and for wood 37.) 
The small size of the resin ducts in the wood contrasts strongly with the very large ones of Scotch 
Pine, which seriously interfere with the continuity of the wood and tend both to weaken it and to 
give it an uneven texture. 

The extremely small number of -thick-walled tracheids constituting the summer wood of the 
White Pine is in marked contrast with the broad band of summer wood formed in various other 
species. Comparing the annual rings of White Pine with those of Longleaf Pine, for example, 
it is seen that while the thick-walled tracheids of the former make hardly more than the 
mere outer edge of each ring, those of the latter constitute one-third or more of its entire width. 
Moreover, the gradual, almost imperceptible, transition from spring to summer wood in the 
White Pine contrasts strongly with the abrupt line of demarcation seen in Longleaf Pine and all 
other Yellow Pines. It is to this very gradual transition that the uniform texture of the wood 
of White Pine is chiefly due. The medullary rays of the different groups of pines show certain 
structural peculiarities that appear to be constant for the group of species in which they occur. 
The writer is indebted to Mr. Filibert Roth for the following notes in regard to this feature: 


In all pines the medullary ray is made up of two kinds of cells which differ in their general form, and still 
more in the configuration of the cell wall and pits. The one kind occupies the upper and lower rows of each ray, 


’ Etta L. Knowles, in Botanical Gazette, August, 1886. 
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and are therefore termed the outer cells; the other kind makes up the intermediate rows and are known as the 
inner cells. 

In the appearance of both outer and inner cells there is » marked and constant difference in different groups 
of pines. While the interior of the wall of the outer cells (transverse tracheids) is smooth in some groups, it is 
beset with numerous bold projections in others. Similarly the inner cells (parenchyma) of the spring wood of each 
ray in some groups have but a single large pit communicating with the neighboring tracheid, while in other groups 
this is brought about by three to six smaller pits. 

Based upon these differences, the following classification of the wood of different species of pines is proposed 
by Dr. J. Schroeder:! 

Section I. Walls of the tracheids of the pith ray with dentate projections. 

a. One to two large, simple pits to each tracheid on the radial walls of the cells of the pith ray.—Group 1. Represented in this country 

only by P. resinosa. 

b. Three to six simple pits to each tracheid, on the walls of the cells of the pith ray.—Group 2. P. taeda, palustris, ete., including 

most of our “hard” and ‘yellow’ pines. 
Section II. Walls of tracheids of pith ray smooth, without dentate projections. 

a. One or two large pits to each tracheid on the radial walls of each cell of the pith ray.—Group 3, P, strobus, lambertiana, and other 

true White Pines. 

b. Three to six small pits on the radial walls of each cell of the pith ray.—Group 4. P. parryana, and other nut pines, including also 

P. balfouriana. 

Returning to the medullary ray of the White Pine, it is observed that the walls of the outer cells are thin 
(1.5 4 to 2 2); the round pits quite variable in number and size, but always as small, and often smaller, than the 
pits of the tracheids in the summer wood; also that the walls of the inner cells are thin (1.5 « to 3 ), for the most 
part very thin, being largely oceupied by pits; that the pits are large ovals on the radial walls of the cells in the 
spring wood, small erect ovals in the summer wood, and small and irregular in outline above and below where the 
inner cells communicate with each other. The length of these cells varies, even in the same ray, between 50 « and 
300 1; the width was found to be about 7 « for the outer and 12 4 for the inner cells; the height, more variable in 
the outer than in the inner cells, and less variable than either width or length, may be set at about 23 ~ for outer 
and inner cells. The average number of cell rows in one medullary ray, for the specimens studied, is 7.5, whereof 
2.6 fall to the outer cells and 4.9 to the inner cells, The limits of the total number of cell rows were 2 and 16; the 
height of the ray, therefore, 46 to 368 jz, dimensions scarcely appreciable to the unaided eye. What is lost in size 
is gained in number; on an average 21.3 medullary rays were counted on 1 square millimeter, or 13,312 to 1 square 
inch of tangential section. 


A study of the wood in its physical and mechanical properties, by Mr. Filibert Roth, will be 
found further on in this monograph. 


EXPLANATION OF PLATE YII. 


1. Transverse section of fresh shoot, cut in summer of first year x 25. The zone of small cells surrounding the pith 
ineludes the wood and inner bark, both of which are traversed radially by the medullary rays. The thick 
cortical parenchyma outside of these is marked by the presence of a number of large resin ducts, 

2, Portion of epidermis, with appendages. Beneath the epidermis a few cells of the cortical parenchyma containing 
starch. 

5, Highly magnified view of a part of the transverse section, showing the structure of wood and inner bark, with the 
thin-walled cells composing the cambium lying between them. 

(Figs. 2 and 3 were drawn with great care with the camera, but unfortunately no statement of the magnification 
was preserved with them. ] 
EXPLANATION OF PLATE VIII. 


7. Cross section of wood 175. The section includes parts of three medullary rays, the middle one of which is ent 
partly through the inner cells and partly through the cross tracheids. The gradual transition from spring to 
summer wood is clearly shown. Part of a resin duct is seen on the right. 

2. Radial longitudinal section of wood x 200, showing a few of the thick-walled tracheids of the summer wood 
followed by the large thin-walled ones of the succeeding spring, both crossed by a medullary ray. The 
bordered pits of the outer cells of the ray, shown both in section and surface view, are in strong contrast with 
the simple pits of the inner cells. 

8. Tangential section of wood x 200. 

4, Cross section of part of twig collected May 20, 1886, x 175, showing cambium and development of wood and bark. 
The woody ring is about one-third its final thickness. 


GROWTH AND DEVELOPMENT. 


The seeds of the White Pine retain their vitality for a long period. Trustworthy observers 
state that a fair percentage will grow after being kept five years or more. The conditions of 
germination and successful growth are, in general, the same as for other pines, namely, a suitable 


‘Dr. J. Schroeder, Das Holz der Coniferen, 1872. 
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SEEDLINGS OF WHITE PINE. 
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soil, moderately warm and moist (not wet), in which the seeds are covered at a depth not 
exceeding twice their own diameter, and, further, protection of the young seedlings against the 
hot sun and drying winds. Special attention is required in the nursery to avoid undue moisture 
when the seedlings appear above the ground, as they are often attacked by a destructive disease 
very common in propagating beds, known as ‘‘damping off.” If, however, no adverse influences 
have interfered with its normal development, the young plant presents itself after some months’ 
growth as a slender shoot, crowned by the persistent seed leaves, in the midst of which is the 
terminal bud, the latter having already formed numerous short foliage leaves. No branches have 
appeared, and the foliage leaves arise singly instead of in groups of five. The whole plant, as 
it appears at this time, with its slender stem and long taproot, is represented, natural size, in Pl. 
IX, drawn from a specimen obtained in the pine woods of Michigan, in September, 1886, Earlier 
and later stages of development of the seedlings are shown in the same plate (1, 2, 3, 4, 5, 6) drawn 
from nursery specimens. 

For the first two or three years the growth of the seedling is slow, and is so greatly influenced 
by its surroundings as to make it impossible to give averages that will fairly represent the yearly 
increase in height and diameter. 

Thus, a healthy seedling, three years old, from the nursery row, measured 4.6 inches, while a 
self-sown specimen from Maine, four years old, measured only 2.7 inches in height. But, if the 
circumstances are favorable, after the third year a growth of one to several inches is made each 
year, and from this time on the yearly increase in height is clearly defined by alternating nodes 
and internodes, a whorl of branches being formed at each node. 

The leading shoot is from the first the most conspicuous and the most important part of the 
plant, branches being manifestly subordinate, dying off in later years as in other conifers. ‘The 
rate of growth being of most important practical interest, much space has been devoted to this 
part of the developmental history. 

The tree rarely reaches-a height of more than 160 feet and diameters of more than 40 inches, 
more usually 30 inches. Occasionally these dimensions are exceeded; trees of 200 feet in height 
and of 60 inches in diameter have been reported. The largest actually measured by the Division ot 
Forestry was 48 inches in diameter breast high and 170 feet in height, with an age of about four 
hundred and sixty years, containing 738 cubic feet of wood, standing in a group of similarly old 
and large pines in Michigan. Another tree of this group, with 47 inches diameter and 162 feet 
in height, contained 855 cubic feet, being less tapered. 


EXPLANATION OF PLATE IX, 


. Seedling as it first appears with seed coat attached to seed leaves. 

. Seedling with seed coat detached. 

. Seedling with seed leaves and primary foliage leaves disposed singly on stem; five months old. 

. Seedling in its second year, showing primary leaves and secondary leaves (mature form), the latter in clusters 
of five. 

5 and 6. Seedlings three to five years old, 
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RATE OF GROWTH. 


The following statements regarding the progress and rate of growth of White Pine are based 
mainly upon the very comprehensive data collected by the Division of Forestry in Maine, New 
Hampshire, Massachusetts, Pennsylvania, Michigan, and Wisconsin. These data, involving meas- 
urements and detailed analyses of over seven hundred trees grown under varying conditions, 
together with records of the conditions under which they grew, and the amounts of timber which 
were produced under such conditions per acre, are presented fully in the tables, with accompanying 
notes, in the Appendix to this monograph. It appeared, however, desirable to present in the text 
not only the generalizations and conclusions, but also some typical cases. Some other measure- 
ments, made before this comprehensive investigation and recorded by the writer in his original 
manuscript, are also produced. 

HEIGHT GROWTH. 
SEEDLING STAGE. 

The growth of the seedling is variable, according to the conditions under which it grows. In 

the forest it is much slower than under cultivation, as would naturally be expected. The common 
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practice of nurserymen is to sow the seed broadcast in carefully prepared beds, where the seed- 
lings stand from two to four years before transplanting. Standing very close, the trees do not 
make as stocky growth as they otherwise would. Under these conditions the average growth of 
untransplanted seedlings, according to statements by the well-known nurserymen, Thomas 
Meehan & Sons, is as follows: One-year seedlings, 2 to 3 inches high; two years, 4 to 6 inches; 
three years, 12 to 15 inches; four years, 24 to 36 inches. 

The late Mr. Robert Douglas, the veteran nurseryman, of Waukegan, Ill., wrote: 

White Pine seedlings one year old are 1 to 2 inches high and altogether too small and tender for transplanting. 
At two years old they are much stronger, from 3 to 5 inches high, with fine fibrous roots and in fine condition for 
transplanting. At three years old they are 6 to 9 inches high and should not be allowed to stand another year, as 
they would add about 10 inches to their height during the next year and would not be suitable for planting. 

The first season after transplanting, the White Pine (like other trees) will not increase much in height, but 
will establish itself, extending its roots and forming a strong terminal bud, so that when it is six years old it will 
exceed in weight and bulk over one hundred times its proportions when transplanted, and thereafter will increase 
in growth from 18 to 30 inches in height annually in good soil for many years. 


Gardner & Sons, whose nursery is about 90 miles west of the Mississippi River, in Iowa, and 
therefore outside of the natural range of the species, Subinit the following measurements, coincid- 
ing with the above, as representing average growths at their nurseries before and after trans- 
planting: One-year-old seedling, 14 inches high; two-year-old seedling, 4 inches high; three-year- 
old seedling, 7 inches high. The trees are transplanted at three years of age and thereafter the 
average height for the three following seasons are: Four years old, 12 inches high; five years old, 
16 inches high; six years old, 53 inches high. Another establishment reports as the average 
height of two-year-old trees in seed bed, 34 inches; of three-year seedlings, 7 inches. 

Casual observations and measurements of some forty-five seedlings in the forest permit the 
following as to the height growth of seedlings in the forest: 


Height growth of White Pine in the forest for the first six years. 


] Height of stem. Current 
| Age of seedlings. Ss] annual ac- 
From— To— Average. cretion. 
Inches. Inches. Inches. Inches. 
1 year 1 2 Ld once sc eee 
2 years .. 2 4 3 2 
| 3 years ... 3 7h 5 2 
4 years ... 6 10 8 3 
5 years --- ses 10 12 114 3h 
.VORTS iota da sane nanan enon ee 30 34 314 20 


These measurements show that the rapid height growth begins with the sixth year, when the 
total growth of the first five years is almost doubled in one season. This, to be sure, holds only 
for seedlings favorably situated. In those less favored the rapid stage of development comes more 
gradually. This slow progress in younger years is naturally reflected in a retardation of the year 
of maximum height growth, which in dominant trees occurs about the twentieth year, while in 
oppressed trees it may not come before the fortieth year. 


DEVELOPMENT IN OPEN STAND. 


Trees on lawns and in pastures, which grow up in full enjoyment of light, are somewhat dif- 
ferent from trees in the forest. The slow seedling stage is followed by a very rapid increase in 
the rate, which attains its maximum before the twentieth year and then declines gradually. 

Table I, on the next page, presents a complete record from year to year of the growth of eight 
trees planted on a lawn at Ann Arbor, Mich., which were measured in 1886, the annual increase 
being measured between the whorls of branches. These measurements also exhibit the great 
variability of growth from season to season and from tree to tree, even under otherwise similar 
conditions. In some of the trees, evidently, injuries or accidents retarded development. Such 
apparent deficiencies have been left out of consideration in averaging the data. 
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TABLE I.—Height growth of White Pine planted in lawn at Ann Arbor, Mich., by years, in inches. 


| i = 
Diame.| Height, by years. 


Number of tree. Age.| 1 pee ¢|Height) |_| eT ey | | rae 
ae 1to6)7 8/9/10 1112/13/14 15/16/17 18 19 20/21 22 23 24/25\26 27 28 29 30 


| | Z eae 5 Pal f 
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| | esl 
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Nore.—Trees Nos. 1 to 6 stood in shallow soil on gravel subsoil; Nos.7 and 8 in deep loam. 


From this table it appears that these eight trees grew on an average hardly more than 6 
inches during the first six years, more than three times as fast during the next six years, and 
reached a maximum rate of over 27 inches per year during the third period of six years, the 
decline beginning after the twentieth year and the rate decreasing until it has fallen to about 15 
inches near the thirtieth year. 

To show how, under less favorable conditions, the progress of self-sown trees is very nearly 
the same, the following measurements may serve, from which it appears that natural seedlings on 
pastures, standing more or less crowded, reach at ten years a height of 10 feet; at the age of 
twenty years about 25 feet, and trees thirty-five to forty years of age, with diameters of 6 to 9 
inches, attained and even passed the height of 60 feet, showing an average growth for that period 
of 15 to 18 inches per year: 


TaBLE II.— Measurements of self-sown White Pine on pasture. 


{Furnished by Mr. J. E. Hobbs, of North Berwick, Me.; altitude, 250 feet.) 


| Number of | Number of 5: 8 | Length of Length of 
Number of tree rings on rings 1 foot Peeene. Diameter 4) Height of eat | leader for 
a stump cut| above pea | feet high. tree. aaa last five 
at ground. | ground. = | ment. years. 
| 
| | 
Inches. Inches. | Ft. in Inches. Ft. in. 
10 | | 2 1y; | 8 10 23 it OAL 
10 2 13.°~«*G 32 9 il 
10 2 12 9 P42 Beccconenc cece 
10 2, | 12 9 28 | 6 3 
11 13 | Wes 294 | 8 5 
12 25 | 13° (9 16 Rees 
12 Gh | te sige Sooance 22 10 10 
13 Qn | 15° 9 | 21 D7 
13 Z 13 9 25 9 0 
14 2 13 «(9 24 8 0 
1t 3 
14 4 
14 3 
15 4} 
15 43 
18 5k 
18 103 
18 44 
20 44 
22 a4 
26 4 
36 74 
38 6y 
39 9 
39 64 
40 94 


NOTES TO TABLE II. 


No. 1. From old pasture after one year's tillage; 5 feet from No. 6; bore cones. 
No, 2. With Nos. 1 and 3, and from similar trees. 
3. Old pasture, soil shallow, gravelly loam on compact subsoil of sand; pine mixed with Hemlock, Oak, and Maple. 
4. Level ground, soil heavy loam, somewhat shaded. 
5. From old pasture after one year's tillage; 5 feet from No.6; bore cones. 
No. 6. From old pasture after one year’s tillage; 5 feet from No.1; bore cones. 
7. From old pasture after one year's tillage; 5 feet from No.6; bore cones; distant from neighbors 8, 34, and 19 inches. 
8. From old pasture after one year’s tillage; 5 feet from No.6; bore cones; touched another 4-inch diameter. 
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No. 9. Level ground, soil heavy loam, somewhat shaded. 

No. 10. From old pasture after one year's tillage; 5 feet from No.6; bore cones. 

No. 11. Old pasture, soil shallow, gravelly loam on compact subsoil of sand; pine mixed with Hemlock, Oak, and Maple. 

No. 12. On slight incline to north; soil nearly 3 inches from similar tree, with others quite near; crowded. 

No. 13. Level ground, soil heavy loam, somewhat shaded. 

Nos. 14-16. Old pasture, soil shallow, gravelly loam on compact subsoil of sand; pine mixed with Hemlock, Oak, and Maple. 

No. 17. Isolated; lost leader six years previous, apparently through leader worm. 

No. 18. Level ground, soil heavy loam, somewhat shaded. 

No, 19. With No. 12; lost leader five years previous by leader worm; nearest neighbors 2, 5, and 10 feet, respectively. 

No. 20. Level ground, soil heavy loam, somewhat shaded. 

Nos. 21-26. Old pasture, soil shallow, gravelly loam on compact subsoil of sand; pine mixed with Hemlock, Oak, and Maple; ground 
slopes to west; all six trees, besides four others, within cirele of 24 feet diameter; crown about 20 feet long. 


Concerning trees 1, 2, 5, 6, 7, 8, and 10 (Table II), Mr. Hobbs sent the following interesting 
communication, under date of January 11, 1887: 


All these trees were found in an old pasture adjoining my land on the north and having similar aspect and soil. 
A fringe of tall White Pine timber surrounds it on three sides, north, east, and sonth. The distance across this open 
land from north to sonth is about 60 rods. This land has been in pasture from fifty to one hundred years. It was 
formerly thickly covered with moss, sweet fern, and other low-growing bushes, in the shade of which animals found 
some grass. Although thus surrounded by tall pines their seeds seldom sprung up. 

Not many years before these trees started a portion of this land was plowed and planted with potatoes one year, 
and then turned out to pasture again, whereupon young pines immediately sprung up. These were cut down first, 
but they continued to come up so abundantly that they were allowed to grow, and now the patch that was planted 
with potatoes is quite thickly covered, in many places too thickly, with trees like those measured. This fact shows 
the importance of turning up the soil so that the seeds that fall upon it may have a chance to take root. Only here 
and there a seed will find lodgment on land that is covered with moss and low-growing bushes, no matter how 
abundantly seeds may be sown upon it. 


How such trees continue to grow is shown in Table III, From the measurements it appears 
that a steady growth continues, which, by the hundredth year has brought the tree to a height of 
near 100 feet. 


TABLE III.—Measurements of White Pine, grown on abandoned fields. 


[Furnished by Mr. J. E, Hobbs, of North Berwick, Me.} 


Length Height at— 
Diam-  Diam- | yp onoth of | 2 
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care 5 pj | 
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NOTES TO TABLE Il. 


No. 1. North Berwick, Me.; near foot of hill sloping to north; growth, dense; apparently abandoned farm land; shallow, sandy soil. 
No. 2. South Berwick, Me.; thrifty second growth, in valley of Great Works River; exhausted farm land on granitic formation, 
sand over 20 feet deep, well stocked with White Pine. 


No.3, North Berwick, Me.; near foot of hill sloping to north; growth, dense; apparently abandoned farm land; shallow, sandy soil. 

No. 4. North Berwick, Me.; near foot of hill sloping to north; growth, dense; apparently abandoned farm land; shallow, sandy soil. 

No.5. South Berwick, Me.; thrifty second growth, ia valley of Great Works River; exhausted farm land on granitic formation; 
sand over 20 feet deep, well stocked with White Pine. 


Nos. 6-16. North Berwick, Me.; near foot of hill sloping to north; growth, dense; apparently abandoned farm land; shallow, sandy soil. 
DEVELOPMENT IN THE FOREST. 


In the dense forest the same general law of development, namely, of slow and rapid stages, 
prevails for dominant trees as is exemplified by the foregoing measurements of trees grown in 
the field, although the quantitative progress varies somewhat. According to the relative amount 
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of light at the disposal of the crown the rate of growth differs, and there is found, therefore, in the 
forest trees, though very nearly the same age, trees of difterent heights, according to the success 
of the struggle for light which they have had with their neighbors. At every stage of the devel- 
opment of a forest growth, after its juvenile. period, the trees can be classified into dominant, the 
tallest, which grow with their entire crown in full enjoyment of light and space, overtopping their 
neighbors; codominant, which, although of same height, have their crowns narrowed in, but still 
unimpeded at the top; while others (oppressed) are pressed in from sides and top, and finally are 
entirely suppressed and die. This relationship of individuals changes from time to time, some of 
the codominant gradually falling into the class of oppressed, and of these a large number become 
suppressed. Occasionally a codominant becomes dominant, or an oppressed one, by liberation of 
its oppressors, through storms or accident, finds opportunity to push forward and make up for 
lost time. Thus, a natural growth may start with a hundred thousand seedlings per acre; by the 
twentieth year these will have been reduced by death to 6,000, and by the hundredth year hardly 
300 may be left, the rest having succumbed under the shade of the survivors. 

It is owing to these changes that in analyzing tree growth we find great, often unaccountable, 
variation in the rate of growth of even the same individual, and hence, in order to recognize the 
average, a very large number must be measured to even out the deviations from the law. 

For the same reason it is desirable to classify the trees as indicated above and ascertain the 
rate of growth of trees grown under different light conditions. To be sure trees behave also 
somewhat differently under varying conditions of soil, climate, and exposure; hence, a further 
classification is necessary if it is desired to establish more than the mere general law of progress 
and also to ascertain the influence of these variable conditions. ; 

In a general way, we find, as in the trees grown in the open, the slow seedling stage followed 
by a very rapid increase in the annual rate of growth, beginning with the sixth year and reaching 
a maximum of 16 inches with the tenth year in dominant trees. With trees which have not 
enjoyed access to light to the same extent the maximum occurs later; hence, in codominant trees 
it is reached, with 13 inches, in the twentieth year, while the oppressed trees reach their maximum 
current accretion still later, namely at forty years, with less than 12 inches for the year. As soon 
as this highest rate is reached decline takes place gradually in all classes, much faster in the 
dominant trees than in the less-favored ones, which decline in the rate of annual height growth 
much more slowly. 

By the one hundreth year the annual height growth is reduced to from:6 to 7 inches, the 
dominant trees showing the lower rate, which continues to decline until about the one hundred 
and sixtieth to one hundred and seventieth year, when all tree classes have come to a rate of 
about 2 inches, at which they continue to grow, slowly but evenly, for another century. 

This persistence of the height growth, which makes old trees tower 40 to 50 feet above their 
broad-leafed neighbors, influences also the shape of the crown, which does not flatten, as is the 
case with most pines. Very old trees, four hundred years and over, rarely exceed a height of 160 
feet, although exceptional individuals have been found of the unusual height of 200 feet. 

It will thus appear that the principal height growth is made during the first century, the 
second century noting a persistent but only slow progress. 

If we take the average of all the yearly accretions at any one year of the life of the tree 
(the average annual accretion at that year), the influences which have been at work during the 
whole lifetime are of course reflected; therefore, since the juvenile period shows a slow growth, 
the average accretion attains its maximum much later. This culmination of the average annual 
accretion takes place much earlier in the more fayored tree classes, namely, at about the twentieth 
to fortieth year, after that declining, while in the oppressed it does not occur until the seventieth 
year, maintaining itself afterwards for a long period. 

This difference would also ‘appear if we compared better and poorer sites. In other words, 
when the annual rate of growth is slow it remains more persistent than when it is rapid. The 
persistence noted in oppressed trees indicates also the shade endurance of the species. From 
Table IV, which gives the accretions from decade to decade (periodic accretion), we see the 
capacity of the species to thrive in spite of the shade, even in later stages of its life. Even after 
ninety years of oppression, when the tree is given opportunity by increase of light, it is still able 
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to make as good an annual height growth as its more-favored neighbors, and can continue the 
same to the second century. From the table of heights at various ages it is learned that the 
success in the juvenile stages after all tells on the total height growth. 


TaBLeE LV.—Periodic height growth, by decades, of dominant, codominant, and oppressed pine. 
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Effect of composition of forest upon height growth. 


The height development of White Pine seems to progress more rapidly when it grows mixed 
with other species. <A striking instance showing how the height growth of White Pine is bene- 
fited by the presence of other species is given in the diagram (fig. 2), which represents the height 
growth of White Pine taken from two sites (a and b) in Presque Isle County, Mich. The sites 
were about 5 or 6 miles distant from each other. 
The soil and the moisture conditions on both 
sites were apparently identical (fresh sand), as 
were the total number of trees to the acre (the 
sample area on site @ contained 181 trees and 
that on site ) 189 trees) and the age of the trees 
and their distribution over the ground (density 
of crown cover). The only difference found be- 
tween the sample areas staked off on both sites 
was the composition of the forest. Site a con- 
sisted of a mixed growth of Norway and White 
Pine, while site ) represented practically a pure 
growth of White Pine save a few small Hemlock 
and an occasional Norway Pine. The diagram 
shows that the White Pine on site @ was exceed- 
ingly stimulated in its height growth by the 
presence of the Norway Pine. 

The associated species entering into the 
struggle for light with the White Pine naturally 
affect the progress of the height growth of the 
pine. The effects of the associated species upon 
the height growth of White Pine and the period of their influence depend upon the capacity of 
the associated species to grow in height as well as upon the time when the associated species are 
either introduced among the pine or received it under their shelter. In case, for instance, hard- 
woods accompany White Pine from the very start the influence of the hardwood upon the height 
growth of the pine will last only for the first sixty or seventy years, that is, up to the age at which 
most of the hardwoods practically reach their maximum height. In case the Norway Pine or the 
Hemlock starts simultaneously with the White Pine, the height growth of the White Pine will be 
stimulated to a considerably later age, because the Hemlock or Norway Pine continues to grow in 
height ata similar rate for a longer time. When the White Pine happens to start on ground 
already covered with other species in such a manner as not to be interfered with in its growth the 
associated species, if capable of growing in height to a later age, will stimulate the height growth 
of the White Pine for a considerably longer period. All this is clearly demonstrated in the accom- 
panying diagram (fig. 3), representing the height growth of White Pine taken from three sites 
(f, k, and 7) of identically the same conditions except as to composition of the forest and the differ- 
ence in the ages between the pine and associated species. All three sites had a well-drained 
clayey loam underlaid by a laminated shale of indefinite depth. The White Pine on site / (Clear- 
field County, Pa.) was mixed with Hemlock of a large size; the pine on this site had started 
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Fic. 2.—Diagram showing height growth of White Pine in Presque 
Isle County, Mich.: Site a,in mixed growth; site b, in pure growth. 
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among the Hemlock, which stimulated the height growth of the pine during all its lifetime. The 
White Pine on site k (Jefferson County, Pa.) was mixed with Hemlock of a small unmerchantable 
size. The pine here had started simultaneously with the Hemlock, which stimulated the height 
growth of the pine only for a certain period, after which the Hemlock, being overtopped by the 
pine, was out of the struggle and left in the capacity of an underwood. The White Pine on site /, 
which merged into site k, was mixed with hardwoods, which stimulated the height growth of the 
pine for the first sixty years, when the hardwoods reached their maximum height and then with- 
drew from the competition, leaving the pine to increase the height on its own account. 

The influence of climate and soil on height growth will further appear from a study of the 
tables in the Appendix. This influence on height growth is not very great, if we confine our 
inquiry to regions of best development, the difference rarely exceeding from 5 to 10 per cent. 
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Fic. 3.—Diagram showing height growth of White Pine in forest of varying composition in Pennsylvania: Site /, Clearfield County; sites 
k and i, Jefferson County. 


Effect of locality upon height growth. 


Comparing the growth in different localities, it appears that the trees from Pennsylvania 
started at a lower rate than those in all other localities, but after the twentieth to the twenty-fifth 
year they surpass all others. If this can be accepted as correct, the deduction of the development 
in early youth from old trees being subject to errors, it may be explained by the fact that these 
trees grew in mixture with Hemlock and were kept back by the shade of their neighbors, but when 
they had outgrown these they felt the stimulus exerted by them. 

The trees from Maine and Wisconsin, also starting more vigorously than those from Michigan, 
decline and sink below the Michigan trees between the eightieth and ninetieth year, which may for 
Wisconsin be possibly explained by the retarding influence of winds after the pines have out- 
grown the hardwoods, while in Maine the poorer soil may account for it. Michigan, with its 
tempered lake climate, presents a most regular and persistent height curve, coming nearest to the 
average of all locations. 

Tn codominant and oppressed trees these differences do not come to an expression, but since 
the classification is somewhat doubtful and variations within wide ranges are possible, these data 
are hardly to be used for comparison as to locality effects. 
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GROWTH IN THICKNESS. 


The growth in thickness, or diameter accretion, although remarkably regular in this species, is 
much more variable, but it is also more persistent, than the height growth, as will appear from the 
following comparisons: Thus, in five groups of trees from different sites, ninety-four to one 
hundred and nine years old, the heights differ only by a little over 8 per cent, varying from 91 to 
9384 feet, while the diameters differed by almost 50 per cent, varying from 16 to 23.7 inches. Again 
the persistence is illustrated by the comparison of the height growth of five groups from two 
hundred and seven to two hundred and thirty-three years old, which showed an increase over the 
group just mentioned of somewhat over 20 per cent, while the diameters were by 30 per cent 
greater; and if the poorest groups of the two sets had been compared the difference would have 
been still more striking, namely, 15 per cent for the height as against 37 per cent for the diameters. 

This is in part explained by the fact that, where the seedling springs up in the virgin forest, 
it is very apt to be suppressed for a longer or shorter period by the large mother trees and the 
host of deciduous and other forms which make up the forest cover. While the height growth is 
by this shade also impeded, this is not so to the same degree as the diameter, which is a direct 
function of the amount of foliage that is at work. 

The sapling may thus remain a slender pole for many years, and not until it is able to lift its 
head above its crowding neighbors, or until light has been admitted to its branches, does it begin 
to expand its crown and consequently thicken its stem. 

In managed forests, or in tracts where from any cause crowding has been prevented, the 
growth in diameter progresses somewhat more in the manner of the height growth, namely, slowly 
at first, then rapidly until the maximum is attained, when a slowly decreasing rate sets in. In 
the seedling the diameter growth is exceedingly small, very rapid in the young trees, when the 
annual ring is often one-sixth to one-half of an inch wide, but decreases with the slower rate of 
height growth. When the tree is sixty to eighty years old, the yearly ring is commonly not more 
than one-twelfth of an inch wide; it then gradually sinks to one-fifteenth of an inch, which is then 
maintained throughout life, rarely falling to one twenty-fifth of an inch. 

The average annual accretion reaches its maximum about the fiftieth to the sixtieth year 
with somewhat over one-fifth of an inch on the diameter of dominant trees, which rate is nearly 
maintained to the one hundred and fiftieth year. 

Thrifty trees at forty years of age grown in the forest, measure from 6 to 9 inches in diameter 
breast high; at fifty years, from 10 to 12 inches; at eighty years, 15 to 17 inches; and they reach 
a diameter of 18 to 20 inches by the time they are a hundred years old. 

To attain a diameter of 30 to 40 inches, which represents the best merchantable material 
of days now almost passed, more than two hundred years have been required, while trees four 
hundred to four hundred and fifty years old attain diameters of 50 to 60 inches and over. Trees 
of 40 inches diameter at three hundred years were by no means rare. 

To be sure, there are exceptional individuals which exceed these dimensions, and variation in 
the rate of growth, due to soil, climate, and surrounding conditions, are naturally as frequent as 
in height growth. 

The progress of diameter development of dominant, codominant, and oppressed tree classes, 
and in different localities, is exhibited in the tables and diagrams in the Appendix. 

The usual method is to determine the diameters at 44 feet from the ground (breast high), not 
only because when measuring standing trees the measurement is most conveniently made at this 
height, but because the lower diameters show much more irregularity. There is also more wood 
deposited near the base at and above the root collar, giving rise to the so-called root swelling (butt 
swelling), undoubtedly a provision to strengthen the stability of the tree. Unfortunately for the 
investigations here recorded, it was not practicable to have the trees cut and measured at breast 
height, since the measurements were made on trees felled in regular lumbering operations, exposing 
only the cross sections at the height of the stump, mostly 24 feet above ground, and at log lengths. 
Even at that height (24 feet above ground), a difference in the progress of diameter growth from 
that on higher cross sections is noticeable and becomes especially pronounced in later life, as 
is shown in the curves representing the progress of diameter growth on cross sections at various 
heights. 

The diameters here given for the lowest section are, therefore, somewhat larger than those 
usually employed, namely, breast high, especially in later years. 
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The higher sections exhibit not only a regular course, but an entirely similar one, from cross 
section to cross section. There is no reason to assume that the course at breast height would not 
follow the same law; therefore there can be constructed a curve for this height similar to the 
curves of higher sections, using for guide points the data obtained from a series of measurements 
made to establish the yield of pine in which trees were measured at breast height (compiled in 
tables in the Appendix). This has been done on the diagram in the Appendix, which shows the 
diameter development of different cross sections for dominant trees. From this can be read 
the following average dimensions as approximating the diameters of each decade, leaving out 
the uncertain juvenile stage: 


Diameter, breast high, of White Pine (averages approximated), in inches. 


| aa Decade. 


20 30 40 50 60 70 Bil) 90 100 110 120 130) 140 150 160 170 180) 190 200 


| In. | In. | In. | In In. In. | In. Im, | In Im. | In. In. In. | In. In. In. | In. In. In. 


fhe 5.5 | 8) 11.5 13.5 15 | 16.5 | 17.8 19 | 20.2 | 21.3 22.2 23 | 23.8 | 24.5 | 25.2 | 26.4 | 26.8) 27.5 


That these figures may be considerably exceeded (even by 50 to 60 per cent) under favorable 
conditions will appear from the various tables of measurements in the Appendix. Especially is 
this the case in the second-growth groves of pine. 

As will be readily seen in the curves after the juvenile stage, during which the diameter 
grows very slowly, an acceleration in the rate takes place, which soon reaches a maximum, 
continuing at that for a short time, and then slowly and persistently declining from about 5 inches 
per decade between forty and fifty years to 14 inches at one hundred years, and half that amount 
at two hundred years. 


DETAIL MEASUREMENTS OF ANNUAL GAIN IN CIRCUMFERENCE, 


An interesting set of most accurate observations have been made and reported by Mr. 
Nathaniel Morton, of Plymouth, Mass., exhibiting 58 young trees of White Pine, which had 
sprung up among oak and other hardwoods, mixed with White Pine and a few Pitch Pine in an 
old, rather-neglected piece of woods, and which were measured every year from 1891 up to 1898. 
The trees stand rather open. The age varied from twenty-eight to forty-two years, most trees 
being between thirty and thirty-six years old and their average age thirty-six years in 1891, 

In 1891 the average cross section 3 feet from ground was 131 square inches; in 1898, 197 
square inches; the growth 66 square inches, or about 9 square inches per year, one tree making 
15 square inches per year. This growth corresponds to a growth in circumterence of about 1.3 
inches per year, or a growth in diameter of four-tenths of an inch per year. 

The detail measurements are given in the following table: 


TABLE V.—dAnnual gain in circumference of White Pine trees in Massachusetts. 


Cireum- Gain, in quarter inches. Total Circum- Gain, in quarter inches. Total 
Number of tree. | ference in six Number of tree. (ay SS ——! in six 
| in 1890. |1891 18921893 1894 1895 1896 years. in 1890. 1891 1892 1893 1894 1895 1896 years. 
J | es Ane am i jas 
Inches. | | Inches. 
55 | 3 5] 5 5 4 5 5 314 4 6 6 rf 7 8 38 
26 | 3 6 5 6 4 5 47 5 7 yi 6 7 6 38 
26 4 5 6 6 5 6 | 42 4 4 6 5 5 5 29 
50 1 40 ee a 2 2 404 a 5 6 5 5 5 30 
28 1 3 4 3 1 3 57 0 2 5 5 4 4 20 
Pfr all © (yl) 0 pe eel | ees fF ea aT Aat De Al) oSh 6 |) ao 6 30 
Sa) od 3 4 4 4 2 42 1 5 5 4 5 5 25 
27 2 3 4 by ers 5 444 3 5 6 5 4 4 27 
35 Salas Silly oo 3a] 5 Giles) | ee mehr 4 Gt oth] es 28 
404 2 4 6; 6 3 4} 444 8 3 4 4 3 3 20 
344 1 2 4 3 3 4] 47 + 4 G 5 4 5 =9 
22 CH eral eel Raat GHh Se Bey a 41 Gi) Be kl) oe 23 
444 1 4 4 3; 2 2 — Ss 
33} 4 4 7 5 5 4; 29) Total........-..)..-..---- 103 139 «190 | 181 157 | 168 938 
24a ea eee oy ere) doe ee) | — ——— 
Py Mees nt Je Cd 9 Ge Total in inches.|......... 253! 343 473) 453 393! 42 | 2343 
PISO ie EN | Seca avid | Maes | ae ————————— 
39 1 2 4| 3 3 3 Percentage of 
48) 1 Le A 2 a8 2) gain as com- | 
504 2 4 5 5} 4 6 pared with 
BOR) SS) (MPG PGi rt G8 gain of 1891...|......... 100 | 135 | 184 | 176 | 152 | 163 |....... 
49 4 2 3 6 | 5 | 4 = = = ——— =S= 
352 3 4 5 Gil) 16n]) 95 Average gain 
33 | 4 3 5 7 5 6 per tree (in 
51 TSE So Say i inichesyest 322]. eet fis | Ye | 485 | 288 | 183 | 338 |------- 
S75 ail) Ste Gile oc) t6))> ab 


| 
| 
| 
| 
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AREA ACCRETION, 


While the diameter accretion decreases in rate continuously after the juvenile stage, the 
growth of the areas or layer of wood corresponding to the diameter increments follows by no 
means the same course. f 

After the juvenile stage, which is determined by the formation of a definite crown, and when 
the diameter has attained at least 6 inches the cross-section area begins to increase in arithmetical 
progression; a constantly increasing rate prevails until a maximum is attained, which comes 
between the sixtieth and one hundred and twentieth year, and then continues remarkably uniform 
for along period. No decline is noticeable until after the second century has begun. In codominant 
and oppressed trees the area as well as the diameter accretion move somewhat differently, the 
maximum rate coming later and lasting a shorter time, the decline foliowing soon after the 
maximum, 


FORM DEVELOPMENT, OR TAPER, 


Since size of crown and light conditions regulate the amount of diameter growth, it is evident 
that trees with well-developed free crowns form more wood than those crowded, the dominant more 
than the oppressed, and those on lawns more than those in the dense forest. Moreover, in these 
latter the wood is differently disposed along the trunk than in the former. Not only do trees 
grown in the open throw their energy into branch growth, but the accretion on the bole is laid on 
in layers, increasing in width from top to base. The result is a more rapid taper than in forest- 
grown trees, in which each annual layer is wider at the top than at the base of the tree, producing 
thereby a more cylindrical form. 

The following table exhibits in the measurements of six trees this variation in the width of 
the same annual rings at different heights, and also in general the mode of diameter growth in 
these trees. More elaborate tables, showing the diameter growth of White Pine at various heights 
trom the ground for dominant, codominant, and oppressed trees in various parts of its range, 
together with diagrams, will be found in the Appendix: 


Diameter growth of foreet-grown trees at various heights from ground. 


Width of rings, in millimeters. 

Height pee sie 

of sec- 
tion 

| from 

ground. 


Single groups of ten rings, beginning Accumulative, by groups of ten rings, beginning at | Age of 
at periphery. periphery. tree. 


1.)2)8 | 4); 5.| 6) 7] 8 | 9 | 10) 20) 30) 40 | 50 | GO 


From such tabulations the taper, factor of shape, or form factor, may be derived (see Tables 
II and V in Appendix), which denotes the deviation of the shape of the tree from a cylinder. 
This factor varies between 0.40 for the older trees and larger diameters to 0.50 for younger and 
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more slender trees, a factor of 0.45 being about the average for centenarians—that means the 
volume of a hundred-year-old tree is forty-five one-hundredths of a cylinder of the diameter, 
measured at breast height and the height of the tree. 

This factor varies, of course, according to the ratio between diameter and height, and since in 
codominant and oppressed trees this ratio is a different one from that of dominant trees, as we have 
seen, their factor of shape is also different from that for dominant trees, that is, their taper differs, 
the former being more cylindrical than the latter. This will appear from a comparison of the 
taper of trees as recorded in Table II of the Appendix, in which small diameters with compara- 
tively long shafts indicate the codominant and suppressed trees. Those with short lengths and 
large diameters are trees grown in open stand. 

From Table II, Appendix, we also see that the taper varies within wide limits from less than 1 
inch to 5 inches for every 16 feet, although in the majority of cases it lies between 2 and 3 inches. 
The tops taper, to be sure, much faster than the middle portion; and, again, in older trees espe- 
cially, the butt logs much faster than the upper portions, which are outside of the influence of the 
root swelling. 

In young trees which make three log lengths of 16 feet, it will be safe to allow 14 inches for 
the first two logs and 2 inches for the last one as the average taper. In medium-sized trees, 
making four to five log lengths, an allowance of 2 inches on the whole will fairly represent the aver- 
age taper, or one-eighth of an inch for every foot in length. In old trees which furnish five and six 
or more logs, an allowance of 4 to 5 and even 7 to 8 inches must be made for the first log and 3 to 
4 inches for the two top logs, while the middle portions show a more regular and less variable 
taper of about 2 inches, or one-eighth of an inch per foot. 


GROWTH IN VOLUME. 


During the juvenile stages the volume growth of the White Pine, as of most trees, is insig- 
nificant, a dominant tree of twenty years measuring not more than 0.5 cubic foot, which means an 
average accretion of 0.025 cubic foot per year. For the third decade the amount of wood formed 
is over three times what it was during the first two decades, and at fifty years the bole of a domi- 
nant tree may contain from 10 to 14 cubic feet and over, the average annual accretion having 
come up to one-fourth of a cubic foot, or ten times what it was at twenty years. 

Now, after the rapid height-growth period, with fully developed crowns, a rapid rate of 
volume growth sets in, increasing with each year, in arithmetical progression, until at sixty to 
seventy years the current accretion has become 1 cubic foot and over, and at one hundred years 
as much as 14 cubic feet is attained. After the one hundred aud twenty-fifth year the increase 
in the rate abates, yet before the second century it has become 2 cubie feet, and remains then 
practically stationary for another century at least. 

Some of the oldest trees (four hundred and fifty years and over) measured contained 600 to 
800 cubic feet of wood in the stem alone, the largest, with 855 cubic feet, indicating an average 
annual accretion for this long life of over 1.8 cubic feet. 

While the current annual accretion after the fiftieth year is rapidly increasing, the average 
annual accretion, affected by the earlier stages of slow growth, increases naturally more slowly. 
For the first one hundred years the average is about two-thirds to three-fourths of a eubie foot 
for dominant pine, making the volume about 70 cubic feet. It increases to 1 cubie foot at one 
hundred and fifty years and 14 cubic feet at two hundred years, and, as shown above, gains 
gradually until old age. 

The progress in volume growth naturally varies under different soil conditions and with tree 
classes. In a general way, the oppressed trees and those on poorer sites do not begin the period 
of rapid volume growth as early as the dominant classes, but just as in the height growth, which 
is similarly delayed, the rate when once at its maximum persists with great uniformity until 
about the one hundred and fortieth to one hundred and sixtieth year, when a decrease becomes 
noticeable. 

The tables and diagrams in the Appendix show, by figures and graphically, the progress of 
diameter, height, and volume accretion for dominant, codominant, and oppressed trees throughout 
the range of the species. Comparing the growth from the several localities represented, a striking 
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difference is not observed. It would appear that in similar soils the White Pine grows at about 
the same rate, with similar persistence, and to the same dimensions in all parts of its range. 

In Europe, too, as appears from a table on page 69, its growth as well as its general behavior, 
at least in the forests of Germany, is fully as favorable as at home. 

Besides differences as result of soils, an influence of the composition of the forest is noticeable. 
White Pine mixed with Hemlock (Pennsylvania stations) shows a more rapid growth for the first 
one hundred and thirty years, while among hardwoods (Wisconsin stations) the next one hundred 
years seem to produce the thriftiest growth. This is perhaps explained by the fact that in the 
latter mixture the White Pine has after the first one hundred years its entire crown above the 
shorter hardwoods, and hence is in full enjoyment of light. 

The so-called “second growth” pine develops somewhat differently, because, as a rule, it does 
not start in a dense growth, enjoying the light conditions of the open stand, the single individuals 
make a more rapid volume growth, until they have closed up, and forest conditions prevail. This 
is fully exhibited in the measurements of young groves in Massachusetts and New Hampshire, 
tabulated in the Appendix. 

In managed woods, where the number of trees allowed to grow per acre is under control, the 
volume accretion may also be accelerated; the growth energy of the site being then exerted on 
fewer individuals, each one deposits larger amounts. What this increase can be may be inferred 
from the table on page 69, which records the growth of White Pine in Germany. 


CUBIC CONTENTS OF TREES, 


Having ascertained by a large number of measurements the diameters, heights, and factors 
of shape possessed by trees under all sorts of conditions, the cubic contents of such trees can 
be calculated and recorded in a table for further use, by reference, in measuring contents of trees. 
Such table for White Pine of different diameters and heights will be found in the Appendix, from 
which the contents in cubie feet of the bole of a tree whose diameter at breast height has been 
measured and whose height has been estimated or measured can at once be read oft. 


LUMBER CONTENTS OF TREES. 


The total cubic contents, being based on mathematical considerations alone, is the only 
rational measure of the volume. By stating contents in board measure we introduce at once a 
number of uncertain factors, which are variable in the practice, such as the lowest-size diameter 
to which logs are taken; the size of the lumber that is eut, from one-half-inch boards to square 
beams; the saw used, which determines the loss in kerf, and the skill of the sawyer, who can 
waste a large proportion in slabs and incousiderate use of the logs.' 

In these losses there is no allowance made for crooks or rot, which would reduce the results 
still further, so that hardly one-third of the total volume of the tree would seem to reappear in 
the shape of Itmber, provided the log scales used are correct, which anticipate a loss of 44 per 
cent (Seribner) to 50 per cent (Doyle) in sawdust, slabs, and edgings for 14-inch logs, the average 
size of logs in the northern pineries. 

As a iatter of fact, in good modern mill practice, not only does no such waste occur as is 
indicated in these Jog scales, even if all logs were cut into inch boards, but in addition small logs 
are worked into dimension material 2 by 4, 2 by 6, 4 by 4, ete., in which the loss is reduced to a 
minimum; thus an 8-inch log may be cut to 6 by 6 inches. It then would make, if 16 feet long, 
not 16 to 25 feet B. M., but 48 feet. Since the bulk of our pine material is now obtained from 
small logs (over one-half below 14 inches diameter), these differences are of considerable practical 
importance. 


A careful examination and measurement of one hundred trees of White Pine was made by Mr. Filibert Roth 
to ascertain what rational allowance should be made on the cubic contents of trees when converted into lumber. 
The average diameter of the trees measured was 28 inches, breast high with bark, and the height 100 feet, the factor 
of shape 0.43, that is to say, they were old trees with a moderate taper. They averaged 4.2 logs of 16 feet per tree, 
which represented 76 per cent of the total volume of the bole with bark, 24 per cent being lost in the top and stump 
and in the bark. The lumber contents of these logs, calculated by Scribner's log rule, represented only 39.5 per cent 
of the total volume of the tree, that is to say, over 60 per cent of the whole tree is supposed not to reappear in the 
lumber, the saw waste representing 48 per cent of the log volume and 36 per cent of the total volume of the tree. 
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Based upon a proper consideration of these practices, it will appear that an average allowance 
of 30 per cent in saw waste on the volume of logs of all sizes is more than ample, and that the 
lumber yield given in the following table and computed on this assumption of waste, although 
being for same sizes even 100 per cent above the log scales in use, remains still below the 
practically obtainable results: 


Lumber contents in 16-foot logs. 


Diameter | (ec) ted | VASES 
amete Fe Syd Somputed | 
at small pudecnis Doyle rule. Sepibner for 30 per | BR. Sorip- 
end. ‘ | cent waste. aware 3y Doyle. 


| = = a2} 4 
Inches. Feet B. M.| Feet B M. Feet B. M.| Feet B. M.| Per cent. Per cent. 
| 82 to 48 


| 8 22 | 16 25 = 61 76 

| | 46 
| | 60 to 85 

‘ 10 ST 36 49 7 0 65 

~ 100 to 130 Bs 

| 12 64 64 79 —05 7 57 
| 05 

14 95 | 100 114 44 | 51 

16 142 144 159 41 46 

19 197 | 196 213 37 42 

20 248 256 280 33 39 

j 22 B24 324 33: 34 36 

24 392 400 404 33 33 

26 | 476 484 500 0 32 

28 562 576 582 29 30 


In estimating the cut of lumber that may be obtained from a given area, there must, to be sure, 
an allowance bé made in addition for unserviceable, crooked, knotty, rotten material, which may 
reach from 15 to 20 per cent, and, furthermore, an allowance for the loggers’ risk in breakages and 
other losses, which may be figured at 10 to 12 per cent. 

To give, however, an approximate idea of the lumber contents of trees of various diameters 
and heights, these have been calculated for a number of trees and recorded in Table HI, p. 87, 
in the Appendix. 

From these measurements, which are based upon Doyle’s log scale, the following tabulation is 
made, showing approximately the increase of lumber contents with diameter growth and age. 
From this it would appear that the greatest per cent of increase occurs during the period from the 
fortieth to seventieth year, while in the fortieth year the average annual growth in voiume has 
been about one-third of a cubic foot, in the seventieth year it is nearly 2 cubic feet, sr six times as 
great, and by the one hundredth year this rate is doubled, centenarians containing about 400 
feet B. M. During the next century the trees make twice as much lumber wood, for now all wood 
deposited makes lumber: 


Increase in lumber contents with size. 


| | Per cent of| 
Diameter . Average sodi ancneane 
z a Approxi- S Ps ©~ |Periodic ac-| per year 
eels Height. mate age. | Lumber. eunnaliac: cretion. | during pre- 
Si) Saal i ceding 
period. 
Inches. | Feet. Years. Feet B.M. Cubic feet. Feet B. M. | Per cent. 
7Tto 9 50 to 70 40 14 ONG] 9 saSsks esses |e ners 
10 to 12 50 to 80 | 55 50 9 36 | 17 | 
| 13 to15 55 to 115 70 130 1.8 80 17 
| 16 to 18 75 to 125 385 260 3 130 7 
19to21 | 80 to 135 110 440 4 180 3 
22to24 | 85 to 140 140 650 4.6 210 1.7 
25 to 27 85 to 150 185 940 5. 290 | 1 
28 to 30 85 to 150 230 1, 200 5 260 .6 
— Ee | 


CONDITIONS OF DEVELOPMENT. 
DEMANDS UPON CLIMATE AND SOIL. 


The wide field of its natural distribution and the thriftiness with which the White Pine 
develops in climates outside of its native home show that it is quite adaptive as far as climatic con- 
ditions are concerned. Yet, from the manner of its development within the climatic range of its 
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oceurrence, its use for forestal purposes would seem to be circumscribed by conditions of humid 
and cool atmospheres, such as are found in northern latitudes and high altitudes, Its distribution 
is manifestly more dependent on humidity than on temperature, or rather, on a low transpiration 
factor, that is, such a relation of heat and moisture, both at the foot and at the top, that the thin 
foliage can readily perform its functions; hence, its failure in cultivation in the trans-Missouri 
States, the contraction of its southern field to the high altitudes, and its best development in 
quantity if not in quality within the influence of the Great Lakes and to the northward and 
eastward. 

While adapting itself readily to almost any variety of soil, the White Pine manifestly prefers 
one with a fair admixture of sand, insuring a moderately rapid drainage. The pine tribe in 
general oceupies the sandy soils, to which it is better adapted than most of the deciduous tree 
species; but the White Pine is capable of disputing possession with its competitors even of the 
fresh medium-heay y loam and clay soils, making here the best individual growth. 

Its shallow root system, in which it resembles, as in many other respects, the spruces, permits 
it to accompany the latter to the thinner soils of the rocky slopes in the Adirondacks and New 
England States, although here its development is naturally less thrifty. Its growth on the rocky 
hills of Massachusetts within the hardwoods of that region is, however, at least for the first sixty 
to eighty years not much less thrifty than in the better soils in the valleys. It does not shun even 
the wetter and occasionally overflowed and swampy ground, and is here found, together with the 
Fir, Arborvite, and even Tamarack; yet, on the dry, light sandy, coarse, and gravelly soil the 
Red Pine and Jack Pine seem to be able to outdo it. 


ASSOCIATED SPECIES. 


The White Pine is less gregarious than any other pines of the Eastern United States. Although 
it occurs in pure growths as true pinery on the red clays and moister gravels, it more frequently 
is an admixture in the hardwoods, sharing with them the compacter, heavier soils from which the 
other pines are excluded. 

Spruce, Hemlock, and Arborvitie (Cedar) are most frequent concomitants of the White Pine 
in Canada; various species of Birch and Maple with Beech and Spruce form the composition of 
the forest in the Adirondacks, overtowered by the pines, and there is hardly any species of the 
Northern Atlantic forest which in one or the other region of its distribution may not be found in 
association with the White Pine. 

Owing to the fact that the hardwoods as a rule oceupy the better soils, the best individual 
development of the White Pine is also found in these mixtures. In the pinery of the northwest 
Red Pine and Jack Pine are the associates, while the Pitch Pine (P. rigida), and, in the southern 
field, the Shortleaf Pine (P. echinata) are not unfrequently found in its company. 

The samples of “acre yields” following will serve to illustrate more in detail the manner of 
distribution, the associations, and the capacity of White Pine in the native forests in different 
parts of its range. More extensive tabulation will be found in the Appendix. 
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TABLE VI.—dere yield of White Pine on sites in Wisconsin, Michigan, Pennsylvania, and Maine. 


WISCONSIN. 


Srre a: Washburn County. 


White Pine. | Basswood. | Fir. | Elm. Yellow Birch. Butternut. | Hornbeam. 
oa oa fess - | Sree ; 
3 2 | | Volume. 3| 2 3 | 2 3 2 
s | | eat 5 | s =| & = 
Description or site. Sy ats (SE Ge ees es || eee lf |e 
gigel;| | S82 |3| 82) 515] =) $2 )5)5 : 
ales) ; 25 |2| 34 |ais Es = = 
a\8 | a | © eS |e! 8 | |" = eH i cs 
eS ae re SM et (S\= = [Se ] 
I4iQ || A Aa |I4jaQ Inia Zz Ble re 
| | | | | 
| \In.| Fe: \Cu,ft.|Ft. B.M.| | In. \Ft. In. | Ft. In, KG) | \. In. Fe. In. |Ft. In. Ft. 
Sample area, 1 acre, 1,200 feet | 1,14) | (¢ 55 - 93 to 6 40) 5)3to6 40 1 3to6) 40 12 3to10) 40 13to 6 40 53to 6 40 
Beye Soa. oar of ene. A 1a is ae a 6167010) (60 Soa eee les laceoe Saale ie Hl 60, 16to10 60 16to10 60 
200 to 220 years. umber 0 tal : : 210to 14) 80... ...... 5 
trees, 132: White Pine, 52) 2 20; $) 210. 314 to 18| 80 - ; 
per cent; hardwoods 48 per 1 21) > 114. shee - 1 19 80 - : 
cent. Classificationfor White | 2 22), 280). Aes pecs S| Sale eo Bag Cee Bod hed) eee e = ee 2 
Pine: Dominant, 75per cent; 6 23), 918 _ 
oppressed, 22 per cent; sup- | 9 24 | 1,440 : 
pressed, 3 per cent, | 3} 25]| | 534 3 
Two-story stand, upper story 6) 26 { 1,152 “ 
formed by White Pine, the 5 27 | 1,035 
lower story by hardwoods 5, 28 | 1,155). 
(Yellow Birch mixed with 6 29] S,} 1,482. 
Basswood with scattering | 3} 30|| 3 780). 
Hornbeam and Fir and oceca- 231) ¢ 560 
sional Elm). Scanty under- 1 33) = 315}. is 
growth of the young hard- | 1) 34] & 347). 
woods and Fir. Soil, clay, 3 35 1,101 . 
underlaid by a hardpan of 3 36 | 1,161. 
clay and stones,4-inch mold | 1, 37 408). 
on top, with a surface cover 1 38 429). 
of leaves. 1) 39 485 
3 0 z 
69 


Average annual accretion: White Pine, 75 cubie feet. 
452 feet B M. 


MICHIGAN. 


Sire d: Montmorency County. 


| White Pine. Red Pine. Hemlock. 
| = — | = 
| : 2S Volume. . = 5) 
ieeleg al’ “hic a eae 
te 18 | Bb aa Lise: lee 
Description of site. Wes =s Pen || Ss age = 
ea, | Br eee eee eee lee x 
2 += c — = = = 
; Knee Vase g | : a (yhoe du aot aes 
lege sD a | aii iS at limes S 
Z (=) ra) Zz a ie Z A | 
| | 
| Inches.| Feet. | Cu.ft. Ft. B. M. Inches. Feet. | Inches. Feet. 
Sample area, 1 acre. Age of pine, 250 to 270 2 10 ) HW \ioceneeces 2 13 (| 2 3 to 6) 40 
years. Number of trees, 113: White Pine, 54 | 1 12 | 38 1 14 1 9f 
per cent; Red Pine, 35 per cent; Hemlock, 11 3 13 159 3 15 1 11 
per cent. Locality damaged by fire twelve | 1 14 60 1 16 2 12| 50 to 80 
years before; 15 per cent dead trees and 20 per 3 15 207 3 17 6 15 = 
cent injured by fire. | 3 16 231 3 18 1 20) 
White Pine mixed with Red Pine and inter- 1 17 86 6 19 
mixed with Hemlock. Soil, fresh, loose sand | 1 18 96 5 20 
of a gray color, turning brown and red under- 3 Wi} s 315 4 = 
neath, with a surface cover of brakes, checker- 2 21 = 280 8 4 
berry. The subsoilisa brown sand, sometimes 6 22 es 906 1 > 2s 
loamy and in spots clayey. Density of crown 5 23 = 855 1 BS 
cover, 0.5. 9 24 ng 1, 611 1 ww 
4 25 800 
1 26 216 
3 27 UAT 55 “aged ane 
2 28 CO Beene aes 
7 29 TEER Pee Sees Bee 
2 30 Wd Beep Mas 
1 2 | CUA Baaapa ee ee 
. 1 33 340 
(iN) eae Be seeces 10, 154 60, 900 | Ooh) Penernas BEB cer, aN SRE AS 
| 


Total yield : 86,100 feet B. M., of which White Pine 66 per cent. 
Volume of led Pine: Boles, 5,256 cubic feet; merchantable timber, 25,200 feet B. M. 
Average annual accretion: White Pine, 59 cubie feet. 

331 feet B. M, 
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TasLe VI.—dAeore yield of White Pine on sites in Wisconsin, Michigan, Pennsylvania, and Maine—Continned. 


PENNSYLVANIA. 
Sire f: Dubois, Clearfield County. 


White Pine. 
313 Volume 
|= | |Z 
Description of site. | +i >s) sj 
le | se! | 23 
}2 | 34] = | Boles. | £2 
e = oo a 
5/8 3o Eh 
| AB = = 
| Ft. 
| | In, Feet.| Cu. ft. B.M. 
Sample area, 1 acre, 1,200 to 1,500 | 2 15) 120 | 
feat above sea. Ageofpine,240to 2 17} 120 \ 360 | 1,360 | 
260 years. Number of trees, 132: | 2 18 | 130 | 
White Pine, 37; Hemlock, 84; Ma- > 1 19 | 130 | | 
ple.5; Beech, 3; Birch, 3. jap 20) 130 }> 1,370 | 6,420 
Hemlock mixed with White Pine, 4 21) 130 
with oceasional Maple, Beech,and 2, 22 130 
Birch, on a hill sloping towards | 2} 23) 130 |) 570 3,000 
southwest, where it is bounded by | 1 24) 130 /f |b 
the left-hand branch of the Nar- | 3 25) 135 651 | 3,690 
row Creek. The undergrowth, | 1 26) 135 257 | 1, 390 
moderately dense, consists of very | 2 27 | 135 
young Beech, Hemlock, and ocea- | 1, 28) 135 } 1,140 6, 600 
sional Birch and Cucumber. Soil, | 1) 29) 135 | 
yellow clayey loam of a medium | 2 30) 145 610 3,900 
grain (fine shalesinit),deep, fresh, | 4 31) 145 1,220 7,800 
well drained, with 2 to 3 inches | 1 32) 145 390 | 2.300 
inold on top, with surface cover of | 2 34 145 800 4, 800 
scanty leaves, fern, teaberries,and | 1 40) 145 | 511 3,300 
scattering dogwood (laurel, north- | 1 41 145 511 3, 300 
east corner and north side). Sub- | 1 45) 145 638 4.400 
soil, laminated shale ofanindefinite — ——— ——-- ———— 
depth. Density of crown cover, | 87 |..---.|------ 9,028 52, 260 
0.7 (in places 0.8). | | 
Total yield: 90,103 feet B. M. . 


Average annual accretion: White pine, 36 cubic feet. 
209 feet B. M. 


MAINE. 


Sire a: York County. 


White Pine. 


a te 
Description of site. = Ds 
= =z 
\= 2 
a - 
| | 
| In. | Feet. |\Cu ft. 
Sample area, one-half acre. Age of pine, 90 to | 2 10 75 42 
100 years. Numberof trees: White Pine,| 8 11) 75 192 
118; Red Oak, 6: Norway Pine,2. Classi-| 8) 12, 75 233 
fication for White Pine: Dominant, 26 per | 4 | 12 85 120 
cent; codominant, 40 percent; oppressed, | 6 13 85 222 
18 per cent; suppressed, 16 per cent. 4 4 75 | 154 
White Pine with scattering Red and White 8 14) 85 332 
Oak and oceasional Norway Pine, onalevel | 8 15 | 85 384 
site. The undergrowth, moderately dense, | 8 16 85 | 408 
consists of small Hemlock and Beech, small | 8 17 85 528 
Maple and Oaks numerous. Soil, a fine |10 18) 85 690 
loamy sand, gray or brown in color, deep, | 18 \ 19 85 | 1,323 
fresh, with 2 or 3 inches mold ontop,and | 2 20 85 152 
leafy surface cover; olay lies probably | 4 21| 8 320 
some feet below surface. Density of crown | 6 22 85 534 
cover, 0.5. 6 23 85 660 
2 2%) 95 250 
2 25| 95 280 
4 26 95 560 
N18 [aoe nc) sawawe 7, 384 


Average annual accretion: White Pine, 77 enbic feet. 
Current accretion: White Pine, 160 cubic feet. 
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Site b; York County. 


White Pine. 
Hien [im 03 | ow 
oS |\32 i 
i & Slo SU : : 
Description of site. is z = 32 = 23 
BSieac| + 22 
im A 
Sees es 
| 
Sample area, one-fourth acre. Age of pine, | | In. | Feet. Cuft. 
50 to 60 years. Number of trees: Mature 4 6 45 20 
White Pine, 328; young White Pine, 160; 32 7| 55| 256 
mature Hemlock, 20; young Hemlock, 20. | 60 7 45 | 330 
Classification tor White Pine: Dominant, 84 _ 8 55 840 
9 per cent; codominant, 45 per cent; op-| 8. 8| 45 72 
pressed, 23 per cent; suppressed, 23 per | 36_ 9| 55 4i4 
cent. | 8| 10] 65| 144 
White Pine, with scattering Hemlock and 52 10 55 780 
occasional Spruce and Fir, ona plainand 8 ll 55 | 144 
level site. Scanty undergrowth of Hazel 12 12 65 306 
and young Hemlock. Soil, a gray sand, 12) 12) 55 240 
sometimes brown or loamy, witha vegeta- | 4) 13 65 116 
ble mold of 3 inches, deep, fresh, with a| 8 17) 75 408 
leafy surface cover. Clayey subsoil, prob- —-————- —— 
ably 4 or 5 feet below surface. Density of 328 |......)...-.- 4, 070 
crown cover, 0.7. ’ inet 
Average annual accretion: White Pine, 74 cubic feet. 
Current accretion: White Pine, 133 cubic feet. 
MAINE. 
Site c: York County. 
White Pine. 
pes % 
32 
Description of site. is 3 ates |e IS 
(gzlezs) m | BS 
SP? la=4| oS |S 
a A aie 
| | 
| In. | Feet. Cu ft. 
Sample area, one-fourth acre. Age of pine, * 4 6 65 28 
50 to 60 years. Number of trees: Mature | 28 6 55 168 
White Pine, 396, Classification for White | 20 7 65 190 
Pine: Dominant, 18 per cent; codominant, | 20 7) 55 160 
27 per cent; oppressed, 24 per cent; sup- 54 8) 65 | 1,008 
pressed, 31 per cent. 24 8 55 240 
hite Pine, with occasional Norway Pine, 36 9) 65 522 
on a slope to north 5° to 10°, Seanty | 32 WwW) 65 576 
undergrowth of Hemlock, Oak, and Fir. | 8 10 75 168 
Soil, a sandy loam, with little pebbles init, | 40 11 65 880 
of a brown color, deep and fresh, with) 4 11) 75 100 
black soil and mold of 3 inches on top and | 16 12; 65 408 
leafy surface cover; clay probably 8 tol2) 24, 12) 75, 696 
feet down. Density of crown cover, 0.8. 8 13 65 | 232 
16; 13) 75) 552 
4 l4 65 132 
12] 14] 75| 462 
8} 15) 65 292 
4} 16 75 184 
4; Wy] 7 204 
898) [i seecctes cose) 7,202 


Average annual accretion: White Pine, 131 cubic feet. 
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LIGHT REQUIREMENTS. 


The capacity of the White Pine to keep its place in mixture with the hardwoods is probably 
mainly due toits shade endurance. In this respect it excels all pines with which we are acquainted, 
Pines are, asa rule, rather light-needing species, and are usually at a disadvantage in the mixed 
forest, unless compensating influences are in their favor. The White Pine is an exception. As a 
consequence, it is capable of forming dense thickets, supporting a larger number of trees per acre 
and producing a larger amount of material than the more light-needing species. Also, as a con- 
sequence of 1ts shade endurance, it does not clean itself of its branches as readily as other pines; 
not only do the lower branches remain green for a long period in spite of the shade of the superior 
tiers of foliage, but they persist after they are dead for many years. 

As this shade endurance is, however, only relative, and as many of the associates possess it 
in greater degree, the additional advantage of rapid height growth alone saves the pine from 
being after all suppressed by its shadier companions. Yet, these succeed in keeping the young 
progeny of the pine subdued, and hence the observation that in the dense virgin forest of hard- 
woods the reproduction of White Pine is scanty. 

The difficulty of cleaning itself of dead branches seems to be overcome by association with 
shadier companions, for, as a rule, the best quality, cleaner boles, and absence of black knots, 
which denotes eartier cleaning, are found in such association. Yet, in these mixtures the trees are 
apt to be shorter bodied, since the hardwood companions are shorter bodied and the stimulus to 
height growth ceases sooner. In the pinery proper the stimulus to height growth exerted by the 
neighbors continues longer; hence, longer shafts are found here, other conditions being the same, 
although the boles are less clean and less free of knots. 

Its shade endurance is decidedly less than that of the Spruce, which maintains itself, but 
not thriving under the dense shade of Maple, Birch, and Beech, where White Pine seedlings and 
saplings are not to be found, although they sustain perfectly the shade of oaks. To be sure, this 
shade endurance is to some extent dependent on moisture conditions of soil, being less on the 
drier than on the fresher soils. 

This relatively high shade endurance permits ready natural reproduction of the pine, espe- 
cially where the hardwoods have been thinned out to some extent, or where, after clearing, all 
species start their race for reoccupation of the soil with equal chance. The pine then appears in 
the young hardwood growth in single individuals at first, somewhat behind in height, but finally, 
when it enters upon the period of rapid height growth, it outgrows its competitors and is assured 
of its place. 

More frequently does the reproduction take place in groups, smaller or larger, the many areas 
of ‘second growth” of several acres in extent, which are found throughout the hardwood coppice 
of Massachusetts, showing that tendency toward gregariousness so characteristic of the conifers. 
A further discussion of the conditions of reproduction and the yield occurs in the portion devoted 
to the discussion of forest management and of forest yield. 

In these natural reproductions the trees grow close together, that is, close for unaided nat- 
ural reproduction, as is apparent from the following table of acre yields of young growth taken 
at various places in New England: 


TaBLe VII.—dAecre yield of young pine groves. 


White Pine. Species intermixed. 
State. Soil. Diameter Tale 
Age. | Number.| (breast Length of log. | of jogs, | Number. Name and remarks. 
high). eal | 
| = ‘ 
| Years. Inches. | Maz Min. Cu. feet. | : 
Massachusetts... ... Fresh, well-drained loam 35 2] 14to18 40 35 54 147 | Oak. 
and sandy loam. Q 2 | Chestnut. 
Maple. 
All other. 
MOualee asrice= eer eens Ate All small. 
New Hampshire.../ Dry, well-drained sandy 35 3 | 18 to 24 E r Maple 
loam. 13 |} 14to18 | Gray Birch. 
| 79 | 10tol4 9 | Pitch Pine. 
| 231 6 to 10 6 | All other. 
| 181 8:to) 6 |... 
5 3 
Motal j= secee licmewe sepewacmenecacwnecstcces|scaseeamcs 127 |e cients 
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TabLe VII.—dAere yield of young pine groves—Continued. 


White Pine. Species’ intermixed, 


State. Soil. Diameter = . | 
Age. Number. (breast Length of log. Volume 


ip TRS Number. Nameand remarks. 
igh). a | | 
Years. * | Inches. Maz. Min. Cu. feet. 
Massachusetts ..... Fresh, well-drained sandy 40 14) 14 to 18 40 25 815.9 | 133 | Oak. 
loam. 136 Wtol4 Maple. 
77 6 to 10 Chestnut. 
Gray Bireh. 
| Cherry. 
All other. 
Wn es s3 er fae ee eeaclocboascic- cceceseGer Leccecuice: 362 2 . Allless than 3-inch 
diameter. 
New Hampshire... Dry, well-drained loamy 40 46 | 14to18 Hemlock. 
sand. Y 65 10tol4 Red Pine. 
184 6 to 10 Gray Birch. 
615 tO eos 
150 Pa Bes 
POU See dtretnatue esata mama te elaiateew ate mel atta in rove o 1,060 || - 0-0 - aime e]a=no ep stn |e == omnes Small. 
aie = = : =| 
Massachusetts..... Fresh, well-drained sandy | 48 11 | 14 to 18 | | 
loam. 158 | 10 to 14 | 
277 6tol0 . None. 
| 18 3to 6. 
Hy Nigicee aces caueane ae case a eee aaah oo eee Cra ae 
Massachusetts - Dry, well-drained loamy 50 to 55 1) 18 to 24 | HOY) bac Gore seas | 102 19 Representing seven 
| sand. species. 


Bl) ey okey | Ree CODE COED Soo Mace RIS or 


It would be possible to increase the number of trees that could grow per acre and deyelop 
satisfactorily by attention of the forester, as will appear from the statements regarding the White 
Pine forest plantations in Germany, where pure White Pine growths showed at sixty-eight years 
still over six hundred and seventy trees, and in another place at eighty-two years seven hundred 
and twenty-three trees, and at one hundred and four years over two hundred and fifty trees per 
acre. Even in such close stand the crown of living branches remains long, occupying one-third of 
the bole, and dry branches persist down to over half the length. The stems are straight and 
cylindrical, in this respect also reminding one of the Norway Spruce, although the tendency to 
fork seems more frequently developed. 


YIELD OF WHITE PINE. 


The question as to the amount of material which the White Pine is capable of producing per 
acre is difficult to answer. It can not, of course, be deduced from a knowledge of the development 
of the individual tree, since there remains one factor unknown, namely, the number of trees of 
different classes that can occupy an acre. Nor can the capacity of production, as a rule, be ascer- 
tained from the actual production or acre yield of natural virgin growths, for these usually not 
only do not occur in pure growths, but also are usually not developed under most advantageous 
conditions, and do not, therefore, represent the possible or normal yield which could be secured. 
Only by selecting smaller, seemingly normally and favorably developed groups in the forest at 
different ages and in various localities and measuring the same may we arrive at an approximation 
of what the species is capable of producing by itself. 

Such measurements have not been attempted, but the yield of virgin acres under varying 
conditions has been ascertained to give at least a forecast of the possibilities, although not repre- 
senting the normal or possible yield of fully stocked acres of White Pine. In addition we may 
utilize the results recorded from Germany (page 69) of a number of plantations, which have had 
the advantage of at least the partial care of forest management. 

From these indications, we are justified in the assertion that the White Pine produces per 
acre as well as any species with which we are acquainted in our northeastern woods, and at a rate 
which is not excelled by any of the lumber trees within its range. 

In this respect, again, it approaches the German Spruce, though it probably excels this species 
in persistency, as it does in the dimensions which it can produce. We can, therefore, for the first 
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hundred years at least, approximate the capacity of our White Pine by reference to experience 
tables of the German Spruce. 

As with all conifers, the rate of production at first is very slow, not more than 40 to 70 eubie 
feet in the average per year for the first twenty years. With the better development of crowns 
and the assertion of individual superiority in the struggle of neighbors, which leads to the estab- 
lishment ef domiuant classes, the production increases rapidly, and by the fiftieth year, in fully 
stocked areas, the average rate of 140 to 160 cubie feet per acre may be attained, so that at that 
age we may, with five hundred to six hundred trees to the acre, find 7,000 to 8,000 cubie feet of 
wood stored up in the boles of the trees. The current annual accretion, then, may readily be at 
the rate of 160 to 180 cubic feet, keeping the average annual accretion of fully stocked acres very 
nearly to those figures, so that at one hundred years we should find, under favorable conditions, 
as much as 15,000 cubic feet of wood, of which at least 80,000 to 90,000 feet B. M. is saw material. 

The persistency of growth seems to continue beyond that age, and the indications are that 
the decrease of the current as well as average accretion per acre during the next century takes 
place so gradually that at one hundred and fifty years it may still be over 100 cubic feet, and not 
much below at two hundred years, when the burden of the acre may be near 20,000 cubic feet, 
with over 120,000 feet B. M., and double the amount in the oldest growths of two hundred and 
fifty or more years, which may possibly be the limit of production. 

While these figures, which differ very materially from those proposed in the tables by Messrs. 
Pinchot and Graves, may stand for the better soils, as ideally possible, practically, perhaps, rarely 
attainable, especially in older stands, poorer soil sites will vary from them by from 20 to 40 per cent, 

. Sothat a yield of 9,000 cubic feet at a hundred years, or 50,000 feet of lumber, would still be quite 
reasonable to expect on the poorest soils on which White Pine can be satisfactorily grown. On 
the sandy soils of Wisconsin whole forties are found to average 50,000 feet per acre of naturally 
grown unattended forests of one hundred and fifty years of age. 

Table VIIL summarizes the measurements of sample areas, which are given in detail in the 
Appendix.’ It will serve to show what our native woods, without attention, stocked with partly 
useless trees and in open stand, exhibiting much wastage in unoccupied ground, are capable of 
producing, 

If we assume that the areas might have been stocked with pine alone, that they would have 
produced at only the same rate as they have under their present conditions, even though the acres 
had been fully stocked and not in the fractional manner which is indicated by the decimal givy- 
ing density of cover (all assumptions), and if in connection with the density factor we consider 
the number of all trees per acre and the percentage which the pine represents, we may, as a mere 
matter of judgment not fit for tabulation, arrive at an indication as to what the acre might 
possibly have produced. Such indication of possibility has been attempted in the last column of 
the table, and has served in the above discussion in connection with all other data presented. 
This is all that can be done in the absence of the measurements above indicated. These figures 
are of no direct practical application except to give a general notion of the productivity of White 
Pine and the variability of yields. 

An inspection of the table of yield in Germany, on page 69, will show that these approxi- 
mations are not unreasonable. The lumber contents in board feet may be approximated by 
multiplying these figures by 4 or 5 in the younger growths and by 6 or 7 in the older, Assuming a 
moderately careful practice of logger and sawyer, by no means mathematically tenable, the above 
tentative propositions for normal yields might be even increased. 

To assume, as is done by certain authorities, that tables of normal yield could be constructed 
by using the density indicated by a decimal as a mathematical factor, using that factor as a divisor 
of the actually measured yield in order to arrive at the normal, is to mistake the value of the 
density factor. Not only would trees and whole acres have developed very differently when grown 
under different density conditions during their life, but the estimate of the density is such a vague 
and uncertain one, a mere opinion, that even if the greatest care were exercised, its use as a mathe- 
matical factor would not be admissible. It is a mere indication of the present condition of the 
growth, and its meaning at different periods of life is very different in its physiological effects 
as expressed in volume accretion. 
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48 THE WHITE PINE. 


It may be of interest to record more especially the data of a small clump of young White 
Pine sprung up naturally on an abandoned field of less than three-fourths of an acre in extent, 
situated near Farmington, N. H., which its owner (Mr. J. D. Lyman, of Exeter) had from time to 
time thinned out for the last twenty-two years, with a view of accelerating the growth of the 
trees. Unfortunately, no record of previous conditions and frequency and extent of operations 
was attainable, but the present condition (three or four years ago) is exhibited in the following 
table: 


Data of a clump of naturally grown young White Pine. 


(Age: Forty-six to fifty-six years; average, fifty-one years. Height: 70 to80 feet. Area: 108 square rods.] 


Number of trees. Pts ed Volume. 

Ss 
| | Inches. Cubic feet. 
} A 22 85 
204 B4 
16 to 1 600 
14 to 16 1,169 
13 to 14 875 
11 to 12 806 
10 to Il 360 
| 9 to 10 96 
| 7 20 
1 Re en ee 9 er moO Sec anno se ores ssey Se 4, 095 


This would indicate a yield per acre of about 6,000 cubie feet, from which, with the dimensions 
attained under careful mill practice, some 36,000 feet of lumber might be cut. To be sure, with 
such open stand much of this must be knotty, even though the trees were pruned as far as possible. 

By comparison with the measurements of naturally grown unthinned acres, we find that two 
to three times the number of trees of the age indicated in the above table might stand on an acre 
and make as much total product (see Massachusetts, site c, which, with 324 trees, produced 6,188 
cubie feet); and although a few trees in the thinned grove had reached larger dimensions, the 
total product of trees over 12 inches in diameter is almost the same, the difference in favor of the 
thinned part being only 100 cubie feet. From this comparison it would appear that the thinning 
was too severe to secure the most desirable results. Pl. X shows the condition of the grove when 
the measurements were taken. 

Allowance, however, should be made for the amount utilized in thinnings. Whether this 
inferior material would pay in most cases the cost of its removal is questionable. A very uncertain 
estimate by the man who performed the thiunings places the amount of wood removed equal to 
that now standing, among which is 5,000 shingles. 

The following table shows the measurements of one of the largest trees in the grove: 


Measurements of tree. 


[Age: Fifty-six years. Height: 80 feet.] 


Number of 


Height of section, in feet. 


Diameter, in 
inches. 


rings on sec- 


tion. 
194 Of 
14 | 46 
12; 42 | 
12 87 | 
103 32 | 
84 24 | 
5} 15 | 
3 8 | 
| 


This tree, when felled and cut into waney-edged boards, made lumber to the amount of 364 feet. 
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DANGERS AND DISEASES. 


The White Pine is subject to a considerable number of destructive influences even when 
growing spontaneously, but a large proportion.of these might be avoided if properly understood 
and guarded against, since they are in great part due to human agency. 


INJURIES BY HUMAN AGENCY. 


The subject of forest fires has been so fully discussed that it is unnecessary here to treat it 
in detail, although the pine forests of the Northern States have suffered more irreparable injury 
from this than from all other destructive agencies combined. From the numerous suggestions 
that have been made respecting protection from fire and from unnecessary injuries in general, the 
most important appear to be: 

(t) That a well-digested code of laws, capable of prompt enforcement, based upon the 
recommendation of a nonpolitical forest commission, is of primary importance 


Fic, 4.—Girdled White Pine continuing to grow. 


(2) That a correct public sentiment, encouraged by a wider dissemination of information 
concerning the value of forest products and the time required for their growth, will haye more 
influence than all other means together in preventing unnecessary destruction. 

Unlike the Loblolly Pine of the Southern States, or the Red Pine with which it is commonly 
associated, White Pine has a thin bark during the first thirty to fifty years, which affords but 
slight protection from fire. Consequently, the species suffers much in young growths from surface 
fires, which do little or no harm to the thick-barked pines and hardwoods. In the mature trees 
the growing layer is much better protected, as the bark with age becomes proportionately thicker 
than that of Red Pine. 

Related to the foregoing, and properly placed under the head of injuries to be charged to 
human responsibility, are wounds occasioned by cattle. A pine forest is less liable to injury 
from the browsing of cattle than one composed of deciduous trees, and in the Eastern States old 
pastures commonly grow up to pine, the deciduous species being kept down by the cattle. But in 
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any case, when the growth of timber is the primary object, domestic animals should be rigorously 
excluded, as they are certain to do more or less injury to the growing trees. <A pine forest, or a 
forest of any kind, is no more properly a “run” for cattle than a field of standing grain, and the 
damage is likely to be more extensive and less capable of repair in the former than in the latter 
case, 

The White Pine shows considerable recuperative power, which is exhibited in the ready 
reestablishment of broken leader and the healing of wounds, in which the prolifie resin exudations 
assist by keeping out water and fungi. 

The experiences of Mr. Nathaniel Morton, of Plymouth, Mass., in trimming pines, recorded 
in The Forester (June, 1895), show the absolute safety of pruning live limbs of 3 to 5 inches and 
more in diameter, which are covered in a few years by new growth (Pl. XI). An interesting case 
of pertinacity of life and recuperative power, which at the same time throws light on the much- 
debated question of food and water movement in trees, is also reported from the same source, and 
represented in fig. 4. 

A young pine in the forest was, two years ago, not only girdled, but the bark peeled off for 
11 inches all around the tree. The tree has a perfectly healthy appearance, and has continued to 
grow in length, although apparently about half as fast as before. The measuremeuts of internodes 
of this tree during the last six years follow. The diameter growth above tle wound has continued, 
while below the wound it has remained stationary, as will appear from the measurements made 
two years after the removal of the bark. 


Inches. 
Circumference MCA Mee LOU erate tera alate tated ate ole siete ele areata eae re elt nal tee = 15 
Circumference ijus i Pela te pe ONE Oe aoe ey ca meted sto are obsiatotal aia iets el opeterataiaro) eters ee « = ll 
Circumference where bark is stripped.........- Poe Re Pine NEC ee eee eon co 5) ae 9} 
Circumference justiabovetiret row Of DranGhes) 2-5 cacacisveb ceel- ae cece tele eeieue oem eeeees =< 14 
Circumference above second row of branches... ..- /..- 02222 =- sce cwce erence ce cece enens 11 


The wound is entirely covered by pitch. The growth just above the wound has a baggy 
appearance, showing an accumulation of wood deposit, which shows the arrest of the tood 
materials due to the absence of the cambium layer and bark. 

It would appear that the roots could either live without the food supply from above (at least 
for two years), or else that a sufficient amount can pass through the dead wood of the trunk, and 
at least the water necessary for the elaboration of food materials in the foliage can be supplied 
through the old wood. The writer inspected this tree, and can vouch for the truthfulness of the 
description. A similar case with a southern pine (species undetermined) came to his attention, 
where the tree was older and had grown over twenty years above the wound; but as ouly a cut 
was inspected the possibility of a cambial connection of the upper and lower parts was not abso- 
lutely excluded, as in the present case. 


INJURIES BY STORMS. 


Of injuries not within human control may be mentioned, first, those resulting from storms, 
snow, and ice. The soft texture of the wood and the short-lived branches of the White Pine 
would naturally suggest its being more liable to injury by storms than are deciduous trees. This, 
however, is not the case. The angle which the branches make with the trunk admits of their 
readily bending, and under such a weight it is found that Maples and other hardwood trees break 
down much more frequently. Mr. B. F. Hoyt, of Manchester, Iowa, states that ‘a whole summer’s 
observation among the White Pines of Tennessee failed to reveal a single case in which a tree of 
that species was injured by the wind,” attributing the fact to the mechanical disposition and 
structure of the trunk and branches.’ In this respect, then, the White Pine stands at a decided 
advantage as compared with many deciduous trees with which it is naturally associated. 

Like the shallow-rooted Spruce, the White Pine is liable to be uprooted and thrown by storms, 
although to a less degree. 

While, however, the mechanical effects of the wind and of storms of snow and ice are not 
sufficient to require special consideration, the injurious consequences of drying winds are such as 
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to become an important factor in determining the limits of the artificial cultivation of this species. 
At the time of planting, deciduous trees are not in leaf, and accordingly there is but little evap- 
oration of water, while the leaf surface of conifers is exposed then as much as ever to the drying 
effects of the atmosphere, often resulting in their death before they are fully established in the soil. 
It is for this reason and because of the general lack of a sufficient amount of atmospheric mois- 
ture that comparatively slight success has attended the cultivation of the White Pine on the 
plains west of the Mississippi. The raw winds from the Atlantic again have been found to be 
much more injurious to this species than to the Pitch Pine (Pinus rigida), and the latter is there- 
fore decidedly preferable for planting in the immediate vicinity of the coast. 


DISEASES. 


EFFECT OF HEAT AND DROUGHT. 


In Germany, plantations of White Pine thirty-five to forty years old have suffered much injury 
from a disease which appears to be occasioned by unusual heat and drought, and which was par- 
ticularly severe after the hot, dry summer of 1876.! The disease manifests itself externally by 
dried-up patches on the trunks, the spots being largest 3 to 6 feet from the ground, gradually 
running out above and below this, and often reaching a height of 15 to 18 feet. The spots may be 
only an inch or two wide, but frequently the bark is dead nearly around the entire trunk. <As 
a rule, these dead spots are on the south and west sides of the tree. The wood is often penetrated 
by larvie of insects, but these are not the cause of the disease, since in many cases they are not 
present. 

Dr. R. Hartig, from a comparison of specimens and study of the disease in question, concludes 
that it is due to extreme dryness and that the White Pine can not be trusted to endure such 
extremes. He further states that it suffers greatly from dry air even in the winter time. 


PARASITIC DISEASES. 


The White Pine is subject to a number of parasitic diseases, some of which attack it when 
growing spontaneously in the forest, while others are highly destructive to the tree in cultivation, 
especially in Europe under changed climatic conditions. A few only of the best known of these, 
including several due to fungi, will be considered in detail. 


(1) Agaricus melleus Vahl.—This fungus, of common occurrence in the United States as well 
as Europe, is exceedingly destructive to coniferous trees, the White Pine in particular suffering 
greatly from its attacks. It also fastens upon various deciduous species as a parasite, attacking 
living trees of all ages, but living as well upon dead roots and stumps and on wood that has 
been cut and worked up, occurring frequently on bridges, railroad ties, and the like, and causing 
prompt decay wherever it has effected an entrance. The most conspicuous part of the fungus is 
found frequently in the summer and fall on the diseased parts of the tree or timber infested by it. 
It is one of the common toadstools, this particular species being recognized by its yellowish color, 
gills extending downward upon the stem, which is encircled a little lower down by a ring, and by 
its habit of growing in tufts or little clumps of several or many individuals together (Pl, XII, 
Zand 2). Itis also particularly distinguished by the formation of slender, dark-colored strings 
(Pl. XII, 2 and 3), consisting of compact mycelium, from which the fruiting parts just described 
arise. These hard root-like strings (called rhizomorphs) extend along just beneath the surface 
of the ground, often for a distance of several feet, and penetrate the roots of sound trees. By 
earetully removing the bark from a root thus invaded the fungus is seen in the form of a.dense, 
nearly white, mass of mycelium (PI. XII, 3, ¢), which, as the parts around decay, gradually pro- 
duces again the rhizomorphs already described. These rhizomorphs are a characteristic part 
of the fungus. Occurring both in the decayed wood, from which they spread to the adjacent 
parts, and extending in the soil from root to root, they constitute a most effective agency in the 
extension of the disease. 

The symptoms of the disease are marked, and, taken together, sufiiciently characteristic to 
admit of its ready recognition. External symptoms, to be observed especially in young specimens 
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recently attacked, consist in a change of the leaves to a pale sickly color and often the production 
of short stunted shoots. A still more marked symptom is the formation of great quantities of 
resin, which flow downward through the injured parts and out into the ground, resulting in the 
sticking together of the roots and masses of dirt that have been penetrated by the resin. Passing 
up a little way into the trunk, the cause of this is seen in the active working of the fungus in the 
medullary rays and around the resin canals, where apparently both cell walls and cell contents 
undergo degeneration and partial conversion into resin. This flows downward, as already stated, 
and also works laterally into the cambium, producing great blisters in the younger parts where 
growth is going on, and also resulting in the formation of abnormally large resin canals. 

As the disease advances the fungus continues to attack the tracheids of the sound wood and 
soon induces marked changes. Underits influence the walls lose their lignified character, become 
softer, and give the cellulose reaction, while the mycelium of the fungus penetrates and fills the 
enlarged cavities of the tracheids. (PI. XII, 4, 4, 6.) 

The whole inside of the trunk may finally become hollow for some distance above the stump, 
its interior being filled with a loose rotting mass, penetrated by rhizomorph strings, and only 
becoming worse the longer itstands. The disease having once reached this stage, there is of course 
nothing to be done for the tree but to fell it as soon as possible and save whatever wood remains 
unattected. 


(2) Polyporus annosus Fries ( Trametes radiciperda R. Hartig).—This is one of the most dangerous 
parasites of coniferous trees, causing ‘“‘red rot” and the dying out of plantations both of young 
and old pines. In Germany it infests various species of pines, including Pinus strobus and Pinus 
sylvestris; also Picea excelsa, Juniperus communis, and others. Itis more destructive to the White 
Pine than to the Scotch Pine. 

The disease appears in plantations of various ages, from five to one hundred years old, show- 
ing itself by single plants here and there becoming pale, then yellow, and suddenly dying. These 
external symptoms are altogether similar to those observed in trees infected by Agaricus melleus. 
Other trees are attacked in the neighborhood of the infected ones, and so the disease spreads 
centrifugally. 

The fruiting portion of the fungus (Pl. XIII, 7 to 6) grows on the roots near the surface 
of the ground, forming yellowish-white cushions (white on the spore-bearing surface) that may 
finally, though rarely, become a foot or more in diameter. Between the wood and bark of the 
affected tree are extremely thin layers of mycelium, distinguished from those of Agaricus melleus 
by their softness and delicacy. The tissue of the roots and the inside of the stem is decayed to a 
considerable height. 

The disease is spread by the spores, which are carried away by mice and other burrowing 
animals and deposited on the roots of adjacent trees, where they germinate and penetrate the 
living tissues of the bark, passing thence into the wood elements and growing in them toward the 
stem. If is also communicated by the roots of infected trees crossing those of sound ones in the 
ground (PI. XIII, 7), the fungus growing directly from one to the other. 

A violet discoloration of the wood is the external symptom of beginning decomposition, in 
which the contents of the parenchyma cells die and turn brown through the action of the mycelium. 
This color disappears with the loss of the cell contents, and a clear brownish-yellow takes its place, 
with scattering black spots here and there. These are surrounded at a later period with a white 
zone (Pl. XII, 8), and at the same time the wood becomes continually lighter and more spongy. 
At last numerous openings arise, the wood is separated into its constituent fibers, and becomes 
watery and of a clear brownish-yellow color. The cell wall undergoes decomposition, giving the 
cellulose reaction instead of remaining lignified, and finally even the entire middle lamella disap- 
pears. The process may go on until the wood elements are isolated, so that they are easily picked 
apart like threads of asbestos. 

The parasite advances rapidly in the wood elements, decomposition sometimes going on in this 
way to the height of 25 feet. In the bark it proceeds more slowly, but is finally none the less 
dangerous, since it causes the death of the cortical part of the root in which it originates, and 
when after reaching the trunk it passes into the other roots, their death finally resulting in the 
death of the whole tree. 
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In the Scotch Pine a great amount of resin is produced, and this, accumulating in the lower 
part of the stem, probably acts as a barrier to the growth of the mycelium upward. In the White 
Pine the fungus extends much farther in the trunk. 

Pl. XII, 7, represents a stump of White Pine that has been attacked by Polyporus annosus. 
The heart is surrounded by decayed wood and spots filled with masses of resin. Pl. XII, 9, 
represents parts of adjacent wood elements of Norway Spruce after they have been acted upon 
by the fungus; the mycelium hyphie and spores, highly magnified, are represented in 70 of the 
same plate. 


(3) Coleosporium senecionis Pers.—This fungus, under the name of “pine blister,” infests 
various species of pines, growing in the wcidium stage on both leaves and bark, and sometimes 
proving very destructive. When growing on the leaves it affects but little the vitality of the tree, 
but is highly injurious when the bark is the place of attack. It penetrates the bark, apparently 
through wounds occasioned by insects, woodpeckers, or other agencies, and its mycelium spreads 
through the cortical parenchyma and bast, and into the wood to the depth of seyeral inches, 
passing through the medullary rays. 

Under its influence the starch and other cell contents disappear and a resinous substance 
collects in their stead, a mass of dead tissue soon taking the place of the living cells. This change 
of the cell contents results in a great accumulation of resin, which often exudes in large quantities 
from the diseased parts of the tree. 

The mycelium is perennial, extending itself through the stem from year to year, particularly 
in a longitudinal direction. Where it is present the growth of the stem is prevented and the 
formative materials are diverted to the opposite side of the stem, causing there a greatly stimulated 
and abnormal growth. The death of the leader often results, especially in dry summers, for the 
reason that the wood, thus choked with resin, is unable to supply it with sufficient water. 

The researches of Wolf lead to the conclusion that this parasite of the pine lives in the form 
known as Coleosporium senecionis on various species of Senecio, and that it is communicated to 
pine shoots from them. He proposes the extermination of these hosts as a preventive measure. 
Later investigations of Kleebahn go to show that a blister rust which he observed badly affecting 
the bark of Pinus strobus, in the neighborhood of Bremen, is caused by a closely related parasite 
form which he names Peridermiwm strobi, and considers to be the «cidium stage of Cronartium 
ribicola. 

All these fungi have probably caused far more destruction of timber than casual observation 
would indicate, but the limited extent to which artificial cultivation of forests has thus far been 
carried on in this country gives comparatively few exact data regarding them. The facts, as above 
stated, have therefore been drawn largely from the works of Hartig and other European authorities. 
With increasing cultivation of timber and probable increase of such diseases, their investigation 
and the employment of protective measures must necessarily receive far more attention. 


Several diseases attributable to the action of fungi, but as yet imperfectly investigated, are of 
frequent occurrence in this country. One of these, known as “damping off,” characterized by the 
sudden decay of seedlings at the surface of the ground, is common in nurseries, and attacks young 
plants of different kinds, the White Pine among them. 

The disease is most prevalent in plants growing in a damp soil in a warm, moist atmosphere. 
As observed in the Ann Arbor (Michigan) greenhouses for several years in various plants propa- 
gated from slips, the disease appears a few days after the slips are set, giving the lower part of 
the stem a wet, unhealthy appearance, which extends to the lower leaves, particularly where these 
touch the sand in which they are growing. Upon taking up the specimens, the parts affected are 
found to be in the early stages of decay, and penetrated throughout, even in the interior of the 
epidermal appendages, by the branching filaments of a fungus. The fungus appears to live in the 
sand in which the plants are propagated, and to run in it from one to another, resulting often in 
the rapid destruction of the plants in the bed. 

“Damping off” is due to the action of several different parasitic organisms, of which the 
potting-bed fungus, Pythium de baryanum Hesse, is one of the most common, though a number of 
other species have been shown to be capable of producing the disease. The relief measures 
recommended by those who have studied the disease are the use of fresh soil free from decaying 
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matter, as much sunlight as the plants will endure without wilting, a fairly low temperature, and 
an abundant supply of fresh air, Mr, J. Dawson, of the Arnold Arboretum, suggests watering 
the young plants from below, so as to avoid wilting the leaves, as a means of prevention. Other 
suggestions will be found in recent literature of the subject, practically in the reports of various 
agricultural experiment stations.! 

A disease which attacks the trunk of the tree, at various ages, is very prevalent in pine 
forests, and occasions the condition known among Iumbermen as **punky pine.” <A diseased tree 
can frequently be recognized by its having one or more knots with a rough, irregular contour, at 
a considerable height above the ground, commonly conspicuous by a considerable outtlow of resin. 
These seem to result from the breaking off of branches, followed by gradual decay at the place 
where they have separated from the tree, in such a way as to admit water into the trunk, the 
opening being afterwards partially covered by subsequent growth of the tree while decay is going 
on inside. 

Upon examining the wood of such a tree, it is seen to be discolored and in various stages of 
decay, the diseased condition extending inward from the knot hole, and both upward and 
downward from it in the trunk. By inspecting logs cut from such trees, it will be noticed that 
the decayed portion may have filled up the center, making a rotten heart; or it may follow the 
rings of growth for some distance, midway from the center to the periphery; or it may be still 
nearer to the surface, its position and extent being very variable and following no recognizable 
rule. The parts diseased are utterly worthless, though boards containing a greater or less amount 
of wood thus affected are common in the market. Microscopic examination shows that the wood 
is penetrated by the filaments of a fungus, and that the elements of which the wood is made up 
have been greatly altered, and to a considerable extent decomposed by its action. 

Continued observation in the pine woods of Michigan, in different years, does not so far justify 
the reference of this disease to any single species of the various fungi found growing upon the 
trunks and logs of decaying pine trees, But whatever the species, one or several, concerned in 
producing or hastening the condition described, the general facts, as stated above, appear to be 
that the disease finds its way where the separation and decay of a branch presents a favorable 
place for the entrance of water and the spores of fungi, and that it spreads so extensively in the 
trunk as to entirely ruin large and valuable trees. 

In our natural forests there is, of course, neither remedy nor prevention, but in artificial culti- 
vation careful and seasonable pruning would doubtless be the most effectual preventive, since, if 
properly performed, the wounds left by the removal of branches would soon be grown over and 
there would be no further danger from this source. 


EXPLANATION OF PLATE XII, 


7. Agaricus melleus, cluster of young sporophores. 
2. Agaricus melieus, larger sporophore with root-like organ of attachment. 
3. Root of spruce tree invaded by mycelium of Agaricus melleus; rhizomorph of same fungus on the right. 
4-6, Fragments of pine wood showing the destructive action of Agaricus melleus. 
7. Stump of White Pine attacked by Polyporus annosus; the heart is still sound, but is surrounded by decayed 
wood and spots filled with masses of resin. 
8. Wood of Norway Spruce in early stages of decay occasioned by action of Polyporus annosus; the white areas 
have become delignified, and the wood elements composing them are soft and easily separable. 
9. Wood elements of Norway Spruce isolated and showing the mycelium of the Polyporus annosus. 
10. Fruiting hyphe and spores of Polyporus annosus. 


EXPLANATION OF PLATE XIII, 


7, Stump of Norway Spruce, with a sporophore of Polyporus annosus several years old; the inner portions of the 
stump wholly decayed. 

. Roots of a diseased spruce tree, with numerous small sporophores of Polyporus annosus attached. 

, Stump and part of root system of a young pine tree killed by the action of Polyporus annosus, the sporophores of 
which have grown entirely around the base of the trunk. 

/. Mature sporophore of Polyporus annosus seen from below, showing the porous spore-bearing surface. 

). Mature sporophore of Polyporus annosus from above, showing the velvety upper surface and concentric bands. 

. Mature sporophore of Polyporus annosus in section. 

*. Mode of infection; where the smaller diseased root crosses the larger one, the mycelium of the Polyporus annosus 
has penetrated the latter and spread in both directions for some distance. 


Cf. Atkinson, Cornell Univ., Agr. Exp. Sta. Bull. 94, 1895. 
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INSECT ENEMIES. 55 
INSECT ENEMIES OF THE WHITE PINE 
By F. H. CHITTENDEN, Division of Entomology. 


INTRODUCTION. 


Of all coniferous plants, perhaps none are more subject to insect attack than the White Pine. 
Upward of a hundred species are reported to affect this tree, and a careful compilation of all 
known species would probably add many more to this list. The more important are found in the 
order Coleoptera, and of these the cylindrical bark-beetles of the family Scolytidie hold the highest 
rank. Most of the Scolytidie live within the cambium of dead or dying trees, but a few penetrate 
the solid wood, and several forms, when excessively abundant, do not hesitate to attack healthy 
growth. Numerous other Coleoptera belonging to the families Cerambycide and Buprestide 
similarly infest the White Pine, but are for the most part secondary in the nature of their attack, 
and will therefore require only passing mention. One species, however, the white-pine weevil 
(Pissodes strobi Peck), is a pest of the most pernicious type. In addition to the bark-boring and 
wood-boring insects, several species infest the roots, some only the branches or twigs, some the 
cones, and others injure growing trees by defoliation. The leaf-feeding species comprise the larvee 
of several sawflies, the caterpillars of numerous moths, and a number of beetles. Various species 
of plant-lice and scale insects also occur upon the leaves, and often the limbs and trunks of trees 
are injured by them. 

Most of our injurious forest insects are native to this country, in which respect they differ 
markedly from those which affect field and garden crops. Only such species as experience has 
shown to be more or less injurious either to living trees or to cut timber will be considered in 
this paper. Some few forms that have not been recorded on White Pine are mentioned, as it is 
more than probable that they are capable of injury to this tree. The majority, however, have 
been observed on White Pine. 

In the preparation of the present paper the writer has drawn freely from the published works 
of Packard, Fitch, and Hopkins, as well as from personal experience in pine forests, particularly 
of New York. 

THE DESTRUCTIVE PINE BARK-BEETLE. 


The last decade witnessed very extensive destruction of pine and spruce forests in portions of 
the United States east of the Rocky Mountains. The principal injury, which dates from about the 
year 1888, has been attributed to the so-called destructive pine 
bark-beetle (Dendroctonus frontalis Zimm.), one of a genus of six 
described species, all of wide distribution and all destructive to 
the Conifer. It is quite possible that some predisposing 
agency had first caused a weakened condition of the trees in the 
infested districts, but it is fairly certain that this species of beetle 
was responsible for much injury. The infested area observed 
comprised the pine and spruce forests from Maryland in the 
North to and including North Carolina in the South, an area gig 5 pendroctonus frontalis : a, dorsal view 
estimated at upward of 10,000 square miles in extent. In some of beetle; }, lateral view—enlarged about six 
sections entire forests were killed. ae ee agi cess 

The accompanying illustration of this species (fig. 5) will 
enable its recognition. It ranges from reddish to dark brown in color, and measures about one- 
eighth of an inch in length, being the smallest species of its genus. Its credited distribution 
includes Lake Superior to Georgia, and it is recorded also from Arizona and California. The 
adult beetle appears some time in May, the date depending upon season and locality, bores into 
living trees and its larvie develop under the green sappy bark. Copious quantities of turpentine 
exude from the holes made by the beetles and dry in masses upon the bark. The manner of work 
of the larve in great numbers beneath the bark produces about the same effect as that of girdling, 
thus cutting off the flow of sap, the natural supply of plant food and moisture, greatly weaken- 
ing and eventually killing the trees. The first outward manifestation of injury is the aecumu- 
lated masses of pitch, followed by the leaves turning yellow and then red, as though scorched 
by fire. 
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A singular feature in connection with the irruption of this species is that it was practically 
unknown save in the collections of specialists until its sudden appearance in 1888, but still more 
remarkable is its unaccountable, but almost entire, disappearance in 1893, not, however, before it 
had done a great amount of damage, which has been estimated at upward of a million dollars. 
The apparent extermination of this bark-beetle in the district where it was most destructive is 
believed to have been due to a fungoid disease. 


REMEDIES. 


After boring insects of this class once gain access to a tree it is practically impossible to eject 
them, and to save the tree recourse must be had to preventive measures. For this purpose 
various protective washes are in use. One of these consists of lime, to which has been added a 
suflicient quantity of Paris green to give it a slight green color and enough glue to cause it to be 
adhesive. Another wash consists of soft soap reduced to the consistency of a thick paint by the 
addition of washing soda in water. <A thick wash of soap, plaster of Paris, and Paris green is 
also of value. A carbolated wash, which is in successful use against the peach-tree borer, is pre- 
pared by mixing a pint of crude earbolic acid with a gallon of soft soap in eight gallons of soft 
water. Fish or train oil is valuable as a deterrent, but should 
not be used except with the greatest caution upon young 
trees. Whatever wash is employed should be applied to the 
trees on the first appearance of the beetles in May, and should 
be renewed if found necessary. 

Better than any other measure, however, is the observ- 
ance of clean cultural methods. Owners of pine forests or 
groves will do well to cut down all dead and trim all injured 
trees. For the protection of pines, dead spruces and other 
coniferous trees, and such as are infested and too much weak- 
ened to recuperate, should be cut down and destroyed by 
burning. A great deal of good can be accomplished merely 
by removing the bark of dead timber. The progeny of the 
insects that have deposited their eggs in one season so 
loosen the bark that it is an easy matter to remove and burn 
aa attics Cosi Atio uaa vada ee it before the following spring. By pursuing this method mil- 

sal view at left, in profile at right—enlargea lions of the insects will be destroyed before they have an 
about ten times; antenna above, highly mag- gyportunity to issue and lay their eggs for the destruction of 
nified (original). = ° Ag as 
; other valuable trees. A practice known as “rossing” is in 
use on borer-infested lumber in Canada. It consists in cutting a strip of bark along the full 
length of the upper side of a log, which causes the bark to dry up and eventually drop away. 


OTHER INJURIOUS BARK-BEETLES. 


Of the other species of Dendroctonus, one has recently been reported as ravaging the spruce 
forests of New Hampshire. It is the species at present known as D. rufipennis Kby., and 
although not known to affect White Pine, it is not impossible that it might attack this tree in case 
it extends its present depredations. The species of Dendroctonus are peculiarly periodical in 
their attacks. There is, however, one exception, ). terebrans O1., which is usually common at all 
times over a very wide area of the United States and Canada, infesting all the pines. According 
to information received in May, 1898, this or a related species is now ravaging the pine forests of 
a portion of southern New Jersey. 

The genus Tomicus contains perhaps quite as dangerous forms as those which have just been 
mentioned. The appearance of the beetles is somewhat similar, as is also their method of life. A 
species that has been associated with the mortality of pines in the region about and south of the 
District of Columbia is 7. cacographus Lee., or southern pine bark-beetle, which is illustrated much 
enlarged at fig. 6. It is reddish in color and may be readily separated from any of the preceding 
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species by the structure of its antennz and by the toothed apex of the elytra or wing-covers. Its 
mine is Shown as it appears on the under side of the bark of a tree at fig. 7. 

Tomicus pint Say, the northern pine bark-beetle, is destructive to pine forests in the North in 
a very similar manner to the preceding species, which it much resembles in structure as in habit, 
but is less injurious farther South. TZ. calligraphus Germ., a 
similar species to the two preceding and about equally destruc. 
tive, abounds in the pine woods of both the North and South, 
and 7. cvlatus Zimm, and T. avulsus Eich. also infest White Pine. 

Among other well-known white-pine bark-beetles may be 
mentioned Orypturgus pusillus Gyll., Hylurgops glabratus Zett., 
and several species of Hylastes and Dryoceetes. 

The remedies to be employed against these insects are prac- 
tically the same as for the destructive pine bark-beetle. 


TIMBER-BEETLES AND OTHER SCOLYTIDZ. 


While the majority of the pine-infesting Scolytide breed 
between the bark and the wood, a considerable number, called 
timber-beetles, live entirely within the sapwood; others, 
the twig-beetles in the small twigs and branches, and a third 
group, represented by Pityophthorus coniperda Sz., inhabits the 
cones. 

The chief danger from the bark-beetles, as has been shown, 
is from their attacks on living trees. They do comparatively 
little damage to timber, except as they loosen the bark and thus 
afford ready access to water and mold and to other destructive 
insects. The timber-beetles, or ambrosia beetles, as they are 
sometimes called, live almost exclusively in greenwood, pre- 
ferring that which is slightly injured, of impaired vitality, or 
such as has been newly felled, but they often attack and kill 
healthy growth, and in the process of their work in timber cause 
a staining or “bluing” which entails a still greater loss than 
results from their direct attack to living trees. The presence of 
these beetles in a tree is manifested by the little piles of white 5... ; Gateries of Tomious er tae 
sawdust which they eject from the ‘‘ pin-hole” entrance to their on wood under bark of pine (original). 
galleries. The pine timber-beetles are found in the genera Gnathotrichus, Xyloterus, Xylebo- 
rus, and Platypus. Gnathotrichus materiarius Fitch is the commonest of three species of the 

ial genus, all of which attack pine. This species is shown greatly enlarged 
at fig. 8, and its characteristic galleries in the wood of pine are well illus- 

trated at fig. 9. 

The same remedies advised against bark-beetles will prove valuable 
against the timber-beetles. Kerosene emulsion or a carbolated wash would 
accomplish the destruction of the timber-beetles even after they have 
attained entrance to a tree, provided the application be made in time. 

The twig-beetles are represented by the genera Pityophthorus and 
Hypothenemus. Of the former genus, P. sparsus Lec., cariniceps Lec., pullus 
Lec., lautus Eich., plagiatus Lec., are all well-known pine species. The genus 
Hypothenemus inhabits alike deciduous and coniferous trees. 

Fic. 8.—Gnathotrichus ma. Remedies are the same as for bark-beetles. Pruning and burning 
ee heoeenlarsed; infested twigs and branches and the clearing away and burning of brush 
larged at left (Marx del.). heaps during winter are indicated. For choice ornamental trees in private 

grounds and in parks plugging the “pin holes” with wire and stimulating the trees with manures 

and fertilizers to assist them to recuperate from attack are advisable. 


PINE SAWYERS AND OTHER BORERS. 


Of all the insects that occur in pine timber the Cerambycid, or long-horned beetles, of the 
genus Monohammus, are the best known, and are credited with being the most destructive. If 
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we except the losses occasioned by the more or less sporadic attacks of certain species of the 
Scolytidie already mentioned, probably this opinion is about correct. Five of these species have 
been described, all pine feeders and beetles of the largest size, with elongate cylindrical bodies 
and extremely long antennie, those of the male being two or three times as long as the remainder 
of theinsect. The pine sawyers are most troublesome in the mill yard, and their large white larvie 
often do much damage to logs by eating great holes through their solid interior. While burrowing 
in the wood the laryie make a peculiar grating sound that may be heard on quiet nights at a consid- 
erable distance. This is a familiar sound in the lumber camps of the North, and has probably 


Fic. 9.—Gallery of Gnathotrichus materiarius in pine (adapted from a drawing by A. D. Hopkins). 


given rise to the name of pine sawyers, by which these insects are known. Wonohammus con- 
Jusor Why. is a large gray species destructive in the lumbering districts of the Northern United 
States and Canada; JI. titillator Fab., a mottled brown beetle, replaces the above species in the 
South, and J/, maculosus Hald. oceurs in the West; JL. scutellatus Say. is widely distributed and 
abundant from the Atlantic to the Pacific, and J/. marmorator Kby. is a rather rare northern 
form. 

Among other borers belonging to the same family as the sawyers, the majority of which infest 
White Pine, may be mentioned Criocephalus agrestis Kby., C. obsoletus Rand., Asemum mestum 
Hald., Orthosoma brunneum Forst., Prionus pocularis Dalm., Hylotrupes bajulus Linn., Callidiwn 
antennatum Newm., Rhagium lineatum O1, Graphisurus pusillus Kby., Acanthocinus 
obsoletus Ol., A. nodosus Fab., and Neoclytus muricatulus Kby. 

In the Coleopterous family Buprestidie are many borers which infest pine. 
These include five species of Chalcophora, one of which, C. virginiensis Dru., is 
figured (fig. 10); Dicerca punctulata Sch., D. tenebrosa Kby., Buprestis striata 
Fab., Melanophila fuivoguttata Harr., MM. longipes Say., Chrysobothris dentipes 
Fic. 10—Chaleophora @erm., C. floricola Gory, and C. scabripennis Lap. and Gory. These beetles are 

virginiensie—natural graceful in form, hard of texture, and many are brilliantly metallic. Their larve 

oS ee are slender, white grubs with very large, round flat heads. Some of this family 
attack living trees and do injury to the sapwood and to felled timber in the same manner as the 
sawyers, but the majority of them prefer devitalized material, and their attacks are usually 
secondary to some more injurious species. 


THE WHITE-PINE WEEVIL. 


In the White Pine forests of the Northern States, particularly in those of a second growth, 
one’s attention is often drawn to the great number of deformed trees. They sometimes occur 
singly, but more often in groups. The insect that is responsible for this damage is the white-pine 
weevil (Pissodes strobi Peck). This beetle is a member of the family Curculionid, and is about a 
fourth of an inch in length, of oval form, red and brown in color, with its elytra marked with white 
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spots, as shown in the accompanying illustration (fig. 11). It is provided with a rather long 
rostrum or snout to which are attached its elbowed antenne. The larva, which is white and foot- 
less, is illustrated at a, and the pupa, also white, is figured at D. 

This weevil is one of the first spring visitants in the North, occurring as early as March about 
Washington City and in April or May farther north, Its eggs are deposited on the terminal shoots 
of pine, particularly of young trees, but sometimes also in the bark of old trees, The larva, when 
hatched, bores into the pith or mines the sapwood. ‘Toward the 
end of summer it attains full growth, when it goes into hiberna- 
tion until the next spring, transforming to pupa and soon after- 
ward to the mature or beetle form. The presence of this insect in 


¢. 
a tree is first manifested by the wilting of the leading shoots,which E = 
becomes most evident toward the close of summer. The identity s 


of the species at work may be established at once from its peculiar 
cells beneath the bark. (See fig. 12.) These cells, which are 4,, 1) pissoaes atrobi: beetle rien 4 
destined for its winter nest and for further transformation, are larva; }, pupa—enlarged about three 
sunk into the pith and covered over with long fibers of chipped — ™°s (0m Packard). 

wood. When a terminal shoot of a small tree becomes filled in the summer with these larvie, to 
the number sometimes of a score or more, the shoot, with its lateral branches, as well as the stock 
below, wilt and gradually die, the bark becomes loosened, pitch oozes out, and by autumn the 
shoot turns black, and the bark is covered with masses of pitch. A tree thus damaged will fail 
sometimes for several successive seasons to send out a new terminal shoot, with the result that 
the lateral shoots continue to grow, and the tree becomes more or less 
distorted. 

Owners and overseers of pine groves will do well to make a practice 
of examining the young trees each year, say in August, and when one 
with a wilting terminal shoot is found to cut or break it off and commit 
it to the flames. With every blighted twig thus treated from a dozen to 
fifty or more weevils will be destroyed, and thus the numbers of the 
insects for the coming year will be greatly lessened. All dead growth 
or such trees as have from any cause been injured beyond recovery 
and which might serve as centers of infestation by harboring this weevil 
or other injurious species should be similarly treated. What is most 
needed is a preventive, and for this purpose a good thick fish-oil soap 
mixed with Paris green and carbolic acid, in the proportion of about a 
pound of the former and a quart of the latter to 100 gallons of the wash, 
is recommended. It should be sprayed in April and May on the terminal 
shoots of the trees and repeated at the end of a month if necessary. 


MOTH CATERPILLARS AND PLANT-LICE ON TRUNKS AND LIMBS. 


The trunks and limbs of pine are also subject to the attack of sey- 
eral insects besides those in the order Coleoptera that have been men- 
tioned. Of these are three tortricid moths of the genus Retinia, which 
atfect the pitch and other pines. Two other moths of similar habits to 
the above occur on White Pine, wounding the trunk below the insertion 
of the branches and causing the resinous sap to exude, These are 
Ree eon re arte eral ee pitch-drop worm (Pinipestis zimmermanni Grote) and Harmonia 

mines under bark; 0b, pupal pint Kell. 

ENS a MALE Uae ap The same remedies advised for other bering species, and particularly 
those specified to be used against the white-pine weevil, are indicated for the present class of 
insects. 

Several species of plant-lice affect the White Pine. The white-pine aphis (Lachnus strobi 
Fitch) is very abundant in the Northern States, living in colonies on the branches of trees and 
puncturing and extracting their juices. The so-called “pine blight,” Chermes pinicorticis Fitch, is 
sometimes very destructive, its presence being manifested by large patches of a white, flocculent 
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secretion, beneath which covering are concealed myriads of minute lice. Schizoneura pinicola 
Thos.. feeds on the tender shoots of young White Pine. 
Kerosene emulsion applied as a spray is the appropriate remedy for these plant-lice. 
LEAF-FEEDING INSECTS. 
The most destructive insects of the foliage of pine are several species of sawflies of the genera 
Lophyrus and Lyda, one of which is represented in its several stages at fig. 13, It is called 


Fic. 13.—Lophyrus abbotii: 1 female, enlarged; 2, 3, 
pupa, enlarged; 4, 4, larvae, natural size; 5, cocoon, 
natural size; 6, male antenna, 7, female antenna, enlarged Fa, 14.—Tubes of pine leaves made by pine tube-builder—natural size 
(from Riley). (from Packard). 


Abbot’s white-pine sawfly (Lophyrus abbotii Leach.), and is perhaps the most injurious foliage 
feeder which infests the pine woods of the North. ; 

The caterpillar of a single species of butterfly, Thecla niphon Hbn., is known to feed upon the 
foliage of White Pine, but among the larve of moths of different families are innumerable pine- 


Fic. 15.—Chioraspia pinifolia: 2, scales on White Pine, leaves stunted; 2a, same leaves not stunted by insects; 2b, 2¢, female scale; 2d, male 
scale—2 and 2a natural size, 20 and 2c much enlarged (from Comstock Ann., Rept. Dept. Agr., 1880). 


feeding species. Prominent among them is the magnificent sulphur-yellow imperial moth (Bacles 
imperialis Dru.), whose larva attacks the leaves of various forest trees. Of other moths whose 
vaterpillars devour the foliage of White Pine may be mentioned: Harris's pine hawk moth (llema 
harrisii Clem.), E. coniferarum 8. and A., E. pinewm Lint., Tolype laricis Fitch, the white-pine 
tufted caterpillar (Platycerura furcilla Pack.), the redhead inchworm (Semiothisa bisignata Walk.), 
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the sulphur leaf-roller moth (Dichelia sulphureana Clem.), Teras ferrugana 8. V., and Amorbia 
humerosana Clem. An interesting species is the pine tube-builder (Lophoderus politana Waw.), 
which, in its larval stage, lives within a tube formed by webbing together a number of pine needles 
as Shown in fig. 14. 

A number of species of adult Coleoptera, whose larval habits are imperfectly understood, sub- 
sist upon the leaves of White Pine. Of these are the Scarabeid, Dichelonycha albicollis Burm., 
and the Chrysomelid, Glyptoscelis pubescens Fab. 

The best remedy for the sawfly larvie, caterpillars, and beetles is a spray of Paris green, 
applied upon the first appearance of these insects on the trees. 

The consideration of the insect enemies of the White Pine may conclude with the mention of 
the pine-leaf scale insect (Chionaspis pinifolie Fitch), which forms its scales upon the leaves, 
exhausting them of their juices and causing them to turn yellow. This species is illustrated at 
fig. 15, 

A strong spray of kerosene emulsion will be found an efficient remedy against these scale 
insects. 


FOREST MANAGEMENT. 


As regards forest management, we have, unfortunately, in this country no experiences which 
would permit us to form very positive opinions based on actual observation regarding this species 
or any other. The study of the natural history of the species in its native occurrence permits us, 
nevertheless, to draw conclusions which may at least serve as a basis for its future sylvicultural 
treatment. 

In the first place, it may be declared that the White Pine is the most important and promising 
species upon which to expend attention in our coming forestry operations within the limits of its 
natural oceurrence. Its adaptation to a variety of soils and situations within these limits, its rapid 
growth, its excellent form, its remarkable mass development per acre, its shade endurance, its 
all-round useful wood product, and its propagation, both by natural and artificial reproduction, 
give it a position among our timber trees hardly approached by any other. 

There are certain general principles which are the result of experience in forest management 
in Europe and elsewhere, applying to this as to most species. The first is, that mixed growth isin 
every respect superior to pure growth; it will therefore be proper policy to grow White Pine pref- 
erably, if not altogether, in mixture with other species. This advice is given in spite of the fact 
that the White Pine grows rather well in pure stand, and that, owing to its shady crown during a 
long period of its life and the density of stand in which it can develop, and the large quantity of 
foliage which it sheds, the soil conditions are not in danger of deteriorating, as would be the case 
with more light-needing species. But, as has been observed in its natural occurrence, its develop- 
ment is more favorable in companionship, and especially is this the ease with regard to the 
cleaning of the bole of its branches, which are peculiarly persistent. Whether it would pay to 
substitute an artificial cleaning by pruning the young growths is still doubtful; meanwhile the 
self-pruning performed by mixture with shady companions will have to be encouraged, especially 
as thereby other valuable advantages are secured which attach to the mixed forest in general. 

Unfortunately, our irrational exploitation has reduced the White Pine in the natural forest areas 
often to such an extent that its reestablishment is possible only by artificial means. Wherever 
the culling has not been too severe, and either young growth has developed or seedling trees have 
been left, the natural reproduction should be encouraged by favoring the young growth and by 
removing or thinning out other species which interfere with the starting of a young growth. 
Fortunately, the White Pine, owing to its shade endurance, is specially fitted for natural repro- 
duction from the seed of mother trees, more so than most other pines, and the rapidity of its 
growth, in which it excels most other shade-enduring species, is also favorable in this respect. 

We are not yet prepared to determine the most profitable rotation in which the species is to 
be managed under varying conditions. The fact that it is not only a very rapid but one of the 
most persistent growers, trees making wood at the rate of 14 to 2 cubic feet per year up to the 
one hundred and fortieth year, permits a wide range of choice for rotations, and-since its wood, 
being rapidly changed into heartwood, becomes serviceable very early, the rotations may be either 
low or high, varying from fifty to one hundred and fifty years, according to local economic and 
soil conditions. 
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NATURAL REPRODUCTION. 


The White Pine reproduces itself readily in the virgin forest on all sandy and loamy sand 
soils where the hardwoods do not interfere. On these areas thickets of young growth, sapling 
timber, and dense groves of mature trees are scattered without regularity, and there is no indica- 
tion that this pine forest has undergone material change for centuries. In the hardwood districts 
of the heavier soils of the Lake region, where the pine is met with chietly as old, overripe timber, 
the reproduction of the pine seems, temporarily at least, to be interfered with by the associated 
growth. Large, old trees occur, thinly scattered or in clusters, but sapling timber and young 
growth is often entirely wanting over considerable areas. Similar conditions prevail, or have pre- 
vailed, in the mountains of Pennsylvania, and also in New Eugland and in the Adirondacks. 
Where the pine is cut and some seed trees are left the ground soon covers itself with young growth. 
This, contrary to the common notion, is true even where fire has run over the slashings and the 
ground for a time is stocked with Poplar and other brush. Such groves or thickets of young pine 
occur in all parts of the pinery of the Lake region, and in the aggregate cover several hundred 
thousand acres. Generally, however, the fire returns from time to time, the young seedlings, as 
well as the mother trees, are finally all destroyed, and thus the reproduction is completely pre- 
vented. On such lands, impoverished by fire and exposure to sun and wind, not even the Poplar 
returns. In the hardwood, Spruce, and Hemlock regions the cutting of the pine in the usual 
manner simply assists its competitors, and its reproduction is seriously hampered and frequently 
prevented altogether. Where these clay and loam lands are completely cleared and then aban- 
doned, as has been the case with thousands of acres of New England forests, the White Pine is 
one of the first to return if any seed trees exist in the vicinity. Hundreds of groves have sprung 
up in New England in this way. 


NOTES ON NATURAL REPRODUCTION. 


A case of the kind above referred to was observed in 1886 in York County, Me., and the 
following notes on the subject will, no doubt, prove of interest: 


In company with Mr. John E. Hobbs, who is thoroughly familiar with the history of the various pieces of 
foresteexamined, a visit was made to a number of places on which White Pine was growing, others on which young 
pine seedlings were coming in, and still others in the immediate vicinity where none were to be seen, although the 
general conditions of soil and situation were practically identical. The soil, much of it, was light and sandy, with 
a growth of Comptonia, Pteris, Gaultheria, and other plants common on pine land, 

A large number of trees had a crop of cones, the last year before this visit in which there was a good crop 
having been 1879, according to Mr. Hobbs. Going first to an open field that was formerly covered with pine trees, 
it was found to be very thickly covered with young seedlings, from a few inches to 2 feet or more in height, 
that had sprung up in such abundance that a bare spot was hardly to be seea over the whole tract. This piece was 
ent over in the winter of 1879-80, the ground was not burned over, and there being a good crop of seeds, these 
had grown promptly and a young forest was rapidly coming on to take the place of the one removed. 

On going to other pieces in the vicinity, from which the pine had been ent at different times since 1879, a most 
striking contrast was observed, On these pieces that seemed otherwise just like the first, and with the conditions 
just as favorable for a second growth, only a very few pine seedlings were to be seen. These few may have come 
from seeds carried by wind from the neighboring forests, but evidently the ground had not been seeded as the first 
piece had, and it was impossible not to draw the conclusion that the difference was due simply to the fact that the 
first piece was fully seeded, while the others were not. Repeated observations of similar pieces of land led further 
to the conclusion that no dependence can be placed upon the springing up of seeds that have lain dormant in the 
ground for a term of years; or, in other words, although the seeds of the White Pine retain their vitality for a long 
time if kept in a dry place, there is a lack of evidence to show that this is the case in the natural forest, where they 
are alternately dry and wet. 

Other interesting conditions of growth were noticed in the same region. In the vicinity of standing pine 
forests, particularly on their leeward side, seedlings of different ages were coming up, often very thickly, but upon 
entering the forest, after the first 2 or 3 rods, no more of these were to be seen, their growth having evidently been 
prevented by the dense shade of the standing trees. In hardwoods, on the other hand, where the surroundings were 
a little more favorable, some young pines were growing here and there. 

All observations reenforced the truth that there is no mysterious succession of forest growth, involving necessary 
alternations, and that the White Pine does actually grow and flourish for an indefinite number of generations on 
the same land, if only the necessary seeding has been insured. 

In such regions as have just been described reforesting with the White Pine is a comparatively simple matter. 
Where nothing more is done than to take advantage of natural conditions by felling the trees in seed years, or by 
leaving seed trees here and there, an abundant crop of young pines may often be secured. As a matter of fact, large 
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tracts in Maine and Massachusetts are coming up in this way to second-growth pine, and as the profit arising from 
the protection of these young forests is better understood, there is no reason to doubt that the whole matter will in 
a great measure regulate itself. 

In the Adirondack region and in the pine belt of Michigan, Wisconsin, and Minnesota the case is far different. 
Under the present system forest fires are an almost necessary result of all lumbering operations. ‘To start with, all 
trees that are large enough are cut, and if by chance here and there one has escaped that might produce a crop 
of seeds, it perishes in the fires that soon sweep over the ground, leaving hardly a living thing behind them, and 
burning the seeds that under other conditions might have sprung up to form a second growth of pine. On all 
such burned tracts pine seedlings are rarely found in any number, and yet here and there they are seen growing 
where the fire had left a seed tree by the side of a stream or a piece of unburned ground, thus giving the seed a 
chance to grow. 

After making a careful study of the pine lands of Michigan for several years the conclusion seems plain that 
here, exactly as in New England, everything practically depends upon reseeding. Here in the Northwest the seed 
trees have been destroyed, the seeils in the ground have been burned, and, as an inevitable consequence, the land 
remains a-wilderness and must remain so until some means are found of restoring the forests by artificial sowing or 
planting. There is nothing in the soil itself that prevents reforesting the pine lands of Michigan at once. It is 
becanse seeds are, to a great extent, wanting, and the seedlings that do start are not protected, that these pine lands 
are left in their desolate and unproductive condition. , 


The experience with White Pine in Europe fully confirms the correctness of the observations 
above recited. White Pine abroad reproduces well, seeds abundantly, and is so particularly well 
suited to natural reproduction that the most experienced and competent recent writers claim that 
this tree fairly ‘‘ demands” this form of regeneration. 


ARTIFICIAL REPRODUCTION. 


Concerning the artificial reproduction by seeding or planting, the experience, both in this 
country and Europe, is quite extensive. Not only has this species been planted frequently and 
for a long time in New England and in other parts of its natural range, even for forest purposes, 
but thrifty groves have been established also in the Western prairies beyond the limits of natural 
distribution. In Germany larger or smaller plantations were made in many localities near the 
beginning of the century. 

The planting in this country has, however, not usually proceeded with a knowledge of proper 
forestry practice. As arule, plants have been set out too old, and hence the planting has proved 
expensive; usually, also, it has been too wide spaced to secure the most desirable result in form 
development. Another point also usually neglected is the admixture of other species to stimulate 
the growth of the pines and possibly to reduce the expense of covering the ground. 

In Europe the majority of pine plantations made with Scotch Pine (Pinus silvestris) is made 
with one-year-old seedlings, which is done very cheaply and expeditiously, often on unprepared 
ground, when one man may set 1,000 to 1,500 plants in a day. 

For White Pine, especially under our conditions, where the young plants have much to contend 
with in the way of climatic ills, weed growth, ete., this method is probably not applicable. 

Two-year and even three-year old plants, grown in seed beds and once transplanted in nursery 
rows, to produce a stocky root system and growth, will probably be more successful, being better 
prepared to overcome adversities. 

The seedlings, grown from seed sown either broadcast or in drills in the seed beds, must be 
shaded during the first two years, as is usual with conifers in this country. After the second year 
they will endure the hottest sun. The shade must be graduated according to the weather, as the 
seedlings are liable to damp off the first season if too much shaded and to burn off if not shaded 
enough. 

As there are about 1,800 seeds to the ounce, it will take about 5 to 6 ounces to the 100 feet of 
drill, unless the seed be specially poor, when greater allowance will have to be made in proportion 


‘We are likely to repeat in the Northwest, on an extensive scale, the history of several of the Eastern States. 
Under inducements held out to encourage immigration, many settlers have been led to take up land all through the 
worst part of Michigan and Wisconsin, including the “‘barrens.” They clear the land, seed it, if they can, with 
clover, and put in other crops, work in the adjacent pine woods for a living, and ‘‘ develop the country,” thus doing 
for the State exactly what needs to be done and what the State has neglected to do for itself; but it is a disastrous 
experiment for the settlers. The many farms kept up in this way for a while may finally be abandoned, but the 
whole region will then be in a great measure secured against extensive fires, and the lands that have been plowed 
and worked over will be ina better condition for reforesting. 
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to the percentage of germination. In ordinary collecting the percentage of germinating seeds 
may not exceed 75 per cent, and, as is indicated in the discussion on seed supply (page 23), it may 
fall far below this figure in some years. Even if 20,000 to 25,000 seeds should germinate per 
pound, it would not be safe to count on more than 5,000 to 8,000 seedlings that will grow to use, 
and in the transplanting to nursery rows an allowance of at least 5 to 10 per cent should be made 
for losses, so that to secure 10,000 transplants at least 15 pounds of seed is needed, to secure 
which it may take from 3 to 4 bushels of cones. 

Close planting is indicated on account of the difficulty with which this pine cleans itself of its 
branches. It should be planted not more than 4 feet apart or, preferably, set out in mixture with 
a shady, slower growing companion, the Black Spruce (Picea nigra) being an ideal choice within 
its habitat, and of broad-leafed trees the Sugar Maple (Acer saccharinum), which, for the sake of 
economy, may be sown between the wider spaced (8 feet or more) plants of White Pine. The 
mixture should not stop here, but other kinds chosen with cireumspection from the many that are 
found associated with the White Pine in its natural habitat should be added, as Chestnut, Yellow, 
and Red Birch, Basswood, Hickories, and Oaks, and of conifers, the Red Pine, Hemlock, and 
occasionally in some localities Arborvitie. 

Dr. Fernow has for some time (since 1887) advocated a method of forest planting in which the 
main or “final harvest crop” is distinguished from the mere “nurse crop” or “filler,” when only 
500 or 600 trees per acre, or even less, of the better kinds are set out with care as the main crop, 
receiving due attention in their further development, and the nurse crop is introduced of the 
cheapest kinds and in the cheapest manner to act as soil cover to check weed growth and stimu- 
late height growth, straight form, and cleaning of the main crop. The White Pine would, of 
course, be a most excellent main crop. 

sy the fiftieth year or so the pines, if set out at the rate of 500, will have overtopped the 
nurse crop, except where trees of the latter have taken the place of a failing pine, and their 
crowns will have closed up, their boles straight and clean, furnishing clear lumber, if the nurse 
crop was properly chosen and has done its duty. The further management then would concern 
itself mostly with gradual thinning out of the mnain crop to secure the diameter accretion due to 
increased crown development and light. By the one hundredth year it will be reasonable 
to expect at least half the trees set out to have reached their highest value in maturity and size, 
with 15,000 to 20,000 cubie feet to the acre, for the White Pine is not only a rapid grower, but a 
large producer, its shade endurance permitting as large a number of trees to develop satisfactorily 
per acre as the Spruce, which it outgrows in height and diameter. 

While planting nursery-grown seedlings as a rule furnishes better results, sowing the seeds 
into permanent sites may, under certain conditions, especially on soils not too prone to weed growth 
and in the more humid climate of the Northeastern States, prove satisfactory and cheaper. 

Various methods can be employed according to circumstances. On light soils sowing broad- 
cast on snow may furnish satisfactory results; on heavier soils preparation of the ground to receive 
the seed will prove indispensable. This may be done by plowing furrows or by hoeing plats of 2 
or 3 feet square (the larger size where overgrowing by brushwood is to be feared) and sowing into 
these in drills or broadcast. Dr. Fernow devised such a method for reclothing cut-over lands on 
slopes in Pennsylvania grown up with brush, where it would be too expensive to prepare the entire 
ground, Here the plats were made larger, 4 or even 6 feet square, and into these not only pines were 
either planted or sown but also a nurse crop surrounding the pines, expectation being that this 
nurse crop will protect the pines against the encroachment of the surrounding brush growth until 
the pines are tall enough to fight their own battle and finally kill out the brush. A fuller deserip- 
tion of these plantings is to be found in Bulletin 17, ‘‘Check list of the forest trees of the United 
States,” ete., of the Division of Forestry. 


PLANTING NOTES. 


The following notes on planted groves, their condition, growth, and results are given a place 
here as recording individual experiences in various parts of the country, without intending to 
recommend the practices of the planters, which, from the forester’s point of view, are faulty in some 
directions, especially in the open stand, which is advocated: 


In Eastern Massachusetts, particularly in Plymouth and Bristol counties, there are numerous small bodies of 
White Pine that were set ont from forty to fifty years ago, and whose rapid growth and healthy conditions show that 
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there the work of planting at least has been successful. The trees composing them averaged at thirty to thirty-five 
years from the time of planting, not far from 45 feet in height, and measured approximately 2 feet 6 inches in cireum- 
ference, breast high. These measurements vary for different bodies of pine, but are believed to represent very closely 
the average size at the age indicated, and in many cases the trees,are considerably larger (see measurements of 
growth on page 88). This growth of pine is of such value that according to competent judges of property in that 
region, much of the land that without the pine would be worth only $3 to $10 per acre, is worth with the standing 
pine $50 to $75 or more per acre according to location. 

Upon visiting these different groves and conversing with men who had planted some of them, it was found 
that opinions and practice were quite variable, both as to time and manner of planting. Mr. S. E. Hall, of Rayn- 
ham, who has had long experience, states that he has set the White Pine successfully every month in the year. 
The young trees, 4 to 6 inches, or even a foot high, are taken up with a piece of sod on their roots and set out ina 
wet time. These two conditions were particularly emphasized by Mr. Hall, who says that if they are observed the 
trees “will grow anywhere.” He plants 10 feet apart each way and recommends this as the best distance, which 
is, however, not good forestry practice. In a grove set by him forty years ago the trees were set in rows at the 
above distance and had made a vigorous and healthy growth. In another grove, planted about the same time, 
the trees stood 8 feet apart each way and were apparently doing quite as well as in the first one. On the other 
hand, Mr. Spencer Leonard, of Bridgewater, after many years of practical trial and observation, states that having 
formerly set out pine trees 10 feet apart, he is now setting them at a distance of 15 feet, with a view to reduce the 
expense of planting and because they soon became crowded if planted closer. He, too, sets out the trees with a 
sod, simply plowing a furrow and setting the seedlings at the right distance. Mr. Hall digs a hole for each tree, 
but says that the work can be done very rapidly, and that he has himself set an acre a day. 

One of the many plantations in southeastern Massachusetts known as ‘‘Leb. Pratt's grove,” is within less 
than a mile of the village of North Middleboro. It was set out forty-two years ago. The trees were set in rows 
10 feet apart each way. The grove twelve years ago even was practically impenetrable by reason of the dead 
interlocking branches that had never been removed. 

Four trees of average size were measured in 1886 and showed diameters of 7 to 9 inches. Some were of larger 
and others of smaller size, though the growth was fairly even. The average height was estimated at 40 feet; the 
branches were dead three-quarters of the way to the top, the remaining one-fourth, say 10 feet, constituting the 
crown, was green and healthy. The soil was poor, that passed over from the road in reaching the grove being light 
sand with some gravel. 

Another grove, some 3 miles northward of North Middleboro, was visited in 1886, and a greater number of 
measurements made, According to Mr. 8. Hayward, near whose farm it stands, this grove was set out rather more 
than thirty, not more than thirty-five, years ago, but had not made quite as good a growth as some others have. 
The trees are in rows, 74 to 8 feet apart each way, and are quite uniform in size. Beginning with the third from 
the north side, a fair average row, the following measurements were made of the trees taken in order as they stood. 
The circumference, breast high, was: ; 
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a Two main stems and had lost a third. 


The largest tree measured in the grove was 3 feet 1 inch in circumference or 1 foot in diameter, breast high. 
A very few have been choked out and have died after living fifteen or twenty years. An average tree on the south 
side measured 45 feet in height. All the trees of the grove that were still living seemed healthy and vigorous. The 
lower brancues had died at an earlier age than in the preceding grove and the trunks were free from them for some 
8 feet or more. Above this line the dead branches still remained on the trees, only those of the crowns being green 
and living. 

Near Bridgewater, Mass., a piece of land had been sown with pine seeds some thirty-five years before, the seeds 
being sown broadcast and dragged in. The trees were slender and too much crowded, the smallest ones dying ont. 
They seemed much in need of proper thinning. Some of the best specimens measured 2 feet 7 inches in cireumfer- 
ence, breast high, but they were very uneven in size, and did not impress one nearly as favorably as those in the 
groves that had been regularly planted at a distance of 8 or 10 feet apart. 

This second growth pine finds a ready market at the box factories of Bridgewater, Halifax, Taunton, and 
various other towns in this part of the State. Six dollars per cord is the price paid at present (1886; now $8 to $9) 
for logs delivered at the factory. Logs are accepted down to 8 inches in diameter, and in establishments where 
staves are made a smaller size is taken. There is no trouble in obtaining all that is wanted, there being an 
abundant supply of pine for box boards, staves, and the like in the immediate vicinity of the towns where they are 
manufactured. 

A few notes on plantations made on the Western border and outside of the natural range of 
the White Pine will show the adaptability of the species in those regions: 


There is an instructive plat of White Pines in the forest plantation of the State University of Illinois. This 
institution is located at Champaign, about 200 miles south of Chicago and much beyond the natural range of the 
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pine. The history of the plat, as given in Bulletin No. 26 of the University Agricultural Experiment Station, is as 
follows: 


White Pine seedlings were collected in the spring of 1869, put in close nursery rows and shaded with lath 
frames. About 8 per cent died the first year. Of a few hundred trees, purposely left without shading, 32 per cent 
died. After having grown in the nursery three years, they were deemed in good condition for transplanting. They 
were at this time 12 to 15 inches high, well-formed, healthy trees. 

The land, 1 acre, where the White Pines are planted, is quite flat, what slope there is being to the south; and 
at least one-half of it is too wet in spring, and often in the early part of summer, for the best results in tillage. 
The soil is black, part of it mucky, 1 to 2 feet in depth, and underlaid, for the most part, with a rather stiff, bias 
clay. The trees were planted May 4, 1872, 4 feet apart each way. The White Pine is a comparatively hard tree to 
transplant successfully (?). The roots are soft, Jong and naked, with very few small or fibrous roots near the tree. 
Knowing the necessity of careful handling, no effort was spared, from digging in the nursery to setting in permanent 
place, to secure successful results. 

Throughout the season the ground was kept in a good state of tillage ly frequent cultivation, but it was 
exceedingly dry; and of nearly three thousand trees planted, two-thirds died during the summer. Of Norway 
Spruce, planted the same day, in the same manner, and on very similar soil, not more than 2 per cent died. It is 
difficult to explain this greater per cent of loss in the pines, except as we take into account the comparative method 
of development of the roots of the two species [and its high transpiration factor.—B. E. F.]. 

In the spring of 1873 the vacant spaces were filled from the nursery, and again in 1874 trees were set where 
needed. The result of the three plantings was an almost perfect stand of trees. The cultivation with horse and 
hoe was kept up thoroughly for three years. During the fourth, fifth, and sixth years the weeds were mowed. But 
little cultivating was done, because the ground was too wet in the early part of the season. 

For a number of years after the White Pines were fairly started they made admirable growth, and promised to 
furnish very valuable timber for the prairie soil here, as well as for their native regions. In a report made in 1886 
the following statement is made: ‘‘ From the first the living trees have done exceedingly well. Very few trees have 
died from any cause since they began their growth in their present position. ‘They are now remarkably healthy and 
vigorous, and the plantation vies with that of the European Larch in beauty and prospective value.” At present 
they are not maintaining the early promise. 

No thinning or pruning of any kind was done, except what nature does, until the winter of 1889-90. During 
that winter and the next the dead branches, to an average height of about 10 feet, were trimmed off, and the dead 
trees (some more than three hundred and fifty) were cut out. During the winter of 1891-92 sixty-eight more dead 
trees were cut out, and there are at present fifty-two still standing that have died since the last were cut. ‘The trees 
cut out the first time had not all died recently. Some of them gave evidence of having been dead for a number of 
years, while others had died so lately that they still carried dead leaves. Most of the trees that have died were the 
smaller ones, such as were overgrown or badly crowded. A few only of the larger trees have died. Of the trees 
still alive, very few have any live branches lower than 20 feet. Many of them have an unthrifty look, either in the 
top or on the trunk, and the prospect is that there will be a very considerable number of trees to cut out year by 
year for some time. : 

The principal reason for so many trees dying is probably overcrowding [more likely owing to the stiff subsoil.— 
B.E.F.). As the trees now stand they occupy a space of less than 7 feet square each, ‘The trees have been damaged 
in other ways than crowding, but not, so far as can be judged, until after they had already begun to die. ‘There is 
continually a thick mat of leaves on the ground, and these have been partially burned off twice, both times injuring 
the trees more or less from the ground up 2 or 3 feet, but apparently not any higher. Boys seem to delight to ent 
their names or designs in the smooth bark of the trees. Occasionally a tree is entirely girdled. ‘The girdling soon 
kills the trees, but most of the smaller damage to bark soon grows over. A woolly plant louse (Churnus pinicorticis 
Fitch) has been very abundant on many of the trees, attacking the trunks and larger branches for several years. 
They are sometimes so abundant that the whole trunk has from a little distance a white or grayish-white appearance. 

The White Pines do not cast so dense a shade now as they did ten years ago. At that time there was no 
undergrowth among them. At present there are small wooded plants, such as Grape, Raspberry, Cherry, Box Elder, 
ete., besides weeds, coming in, and there would likely be more of these were it not for the heavy mulch of leaves 
that covers the ground. 

In 1886 the average size of the better trees was: Height, 24 feet 9 inches, and a little less than 6 inches in 
diameter. At present, 1895, the better trees are 38 to 40 feet high, and 8 to 9 inches in diameter. During the winter 
of 1882-83 the leaders of a considerable proportion of the trees were broken down by the weight of sleet. This 
was the cause of many trees being crooked at that point, and of others having more than one leader. Except for the 
trees deformed in this way nearly all have almost perfectly straight trunks. The trees are much more nearly uniform 
in height than in diameter. The sizes of the trees in the plat are as follows: Fifty-eight are 3 inches in diameter; 
one hundred and ninety-four, 4 inches; two hundred and fifty-six, 5 inches; two hundred and thirty-six, 6 inches; 
one hundred and forty-four, 7 inches; seventy, 8 inches; eleven, 9 inches; five, 10 inches. 

In the autumn of 1895 the thirty-nine trees constituting the central row of the plantation were measured, and 
the average diameter, breast high, was 5.9 inches, the range being from 4.1 inches to 8.6 inches. 


At the old Elgin nurseries, planted in open prairie about 14 miles west of the Fox River, black loam soil, from 
4 to 5 feet to gravel, White Pines, forty to forty-five years old, with Norway Spruce and Scotch Pine as neighbors, 
measure 22 inches in diameter, breast high, and are 52 feet high. In a neighboring grove, twenty-five years from 
seed, planted exclusively to White Pine, the trees average 11 inches in diameter and 45 feet high. When planted 
alternately with Luropean Larch 5 to 6 feet apart, the White Pines, thirty-five to thirty-six years old, are perfectly 
straight and average 13 inches in diameter and 75 feet in height. The European Larch proves to be the best tree to 
plant with White Pine as a nurse. When planted with Box Elder and Ash the growth of the pines is not so satis- 
factory. Where Scotch Pine has been planted alternately with White Pine the latter has outgrown the Scotch, 
nearly all of which are killed out. In the groves where Larch is planted with White Pine the ground is completely 
mulched from the foliage of the Larch; drought has never affected the trees, and no grass or weeds can grow 
among them. 

Mr. Thomas Hunt, of Ridott, Ill., set out White Pine in a plantation of 10 acres twenty-two years ago. The 
trees were 10 to 18 inches high when set, making their age at time of measurement about twenty-seven years. 

The grove is planted on a ridge with thin elay loam underlaid with broken laminated limestone. Mr. Hunt found 
the land unprofitable under tillage after several years’ trial. The trees of each variety are planted in solid rows, 
hardwoods and conifers alternating. In a plat of White and Seotch Pine, Norway Spruce, Arborvit«#, European 
Larch, White Elm, Box Elder, Green Ash, and Willow, the conifers have almost shaded out the hardwoods. The 
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Larch are the tallest and the Arborvit#e the lowest, the remaining conifers being of about equal height, averaging 
35 feet. Seventy White Pines were measured, taking all the trees as they came in the rows, and ineluding the center 
of the plantation. The average diameter, breast high, was 6.2 inches.. The branches were dead, but stil) persistent 
to a height of 18 to 20 feet. ; 

At the Bryant nurseries, Princeton, Ill., somewhat south of the natural limit of the White Pine, trees that were 
grown as ornamental nursery stock have been permitted to stand, giving some notion of the growth of the species 
in the rich prairie loam of that region. The oldest specimens were set in 1858 and were imported seedlings. They 
are now about forty-two years of age, and average about 65 feet in height. Measured trees range from 9 inches to 
26 inches in diameter. Norway Spruce of the same planting equal the pines in height, but the average diameter is 
less. These trees stand about 30 feet apart. On the margin of a natural hardwood grove an acre of the richest 
prairie land was planted to White and Scotch Pine seedlings about twenty-two years ago. The trees were set 3 by 
4 feet, and have never been thinned. Each species was planted pure, and one of the tallest White Pines measured 
33 feet high, the average height being estimated at 26 feet. Fifty White Pines, taken as they came in the rows, were 
measured, breast high, the average diameter being 44 inches. Scotch Pine showed about equal growth. 

At the Iowa Agricultural College, Ames, Iowa, in the center county of the State, a piece of waste land of about 
3 acres was planted to White Pine, European Larch, Box Elder, Green Ash, and Cottonwood in 1875. The plat 
oceupies a gravelly knoll sloping to the north. The soil is a yellow clay, with much gravel, and of unknown depth, 
The top of the knoll forming the south side of the plantation is set with pure Larch. The Pine, Box Elder, and Ash 
are mixed, evidently without order. The original planting was 34 by 3} feet apart, and the trees now average 
about 10 feet apart each way. The White Pines are estimated to average 30 feet high, and twenty-six measured 
trees, taken as they came, ranged from 5 to 14 inches in diameter, the average being 8.7 inches. The pines are now 
the dominant trees of the mixture and are fully 10 feet higher than the Box Elder, which exceed the Ash 5 feet. The 
following diameter measurements will serve as an additional basis of comparison: 
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It should be added that the Cottonwoods stand wider apart than the mixture of Pine, Box Elder, and Ash, 
while the Larch stand closer together. All were set originally 3} by 3} feet, and the alternate rows have been 
removed throughout the plantation. 

At Windom, Minn., in the southwest part of the State, Mr. E. Sevatson has included two rows of White Pine 
in a plantation covering 10 acres. These trees were set about thirteen years ago, when 8 to 12 inches high, and 
are presumably not over eighteen years old. The two rows of pine are between rows of Arborvitw and Balsam Fir. 
They are about 25 feet in height, and the average diameter, breast high, of seventeen trees, taken as they came in the 
rows, was 5inches. The soil is a stiff clay loam, and the plantation is about 100 feet above the surface of a lake 
which joins the farm. The entire country is treeless, except for groups of trees on the lake shore and groves along 
the Des Moines River, 5 miles distant. The White Pine in this location is less vigorous than Scotch Pine, European 
Larch, or Norway Spruce. 

Fine trees of White Pine, set in single specimens about thirty years ago, are growing at Arbor Lodge, Nebraska 
City, Nebr., the home of Ion. J. Sterling Morton, ex-Secretary of Agriculture. These stand in bluff soil (a fine loam) 
about 2 miles west of the Missouri River. A few fine specimens may also be seen in the lawn at the homestead of 
Hon. A. H. Whiting, at Whiting, Monona County, Iowa, in the deep black loam of the Missouri bottoms. At Brookings, 
8. Dak., within 17 miles of the Minnesota line, repeated plantings of the White Pine have resulted in failure. At 
Franklin, Nebr., about halfway across the State, near the Kansas line, this species has failed after extended trial. 
Very few trees can be seen in Lincoln, Nebr., though it has been repeatedly tested there as an ornamental tree. The 
diminished amount of atmospheric moisture will necessarily prevent general satisfactory cultivation beyond the 
western boundary of Missouri, Iowa, and Minnesota. 

A number of fine specimens of White Pine stand ir the lawn of the Rollins homestead at Columbia, Mo., about 
10 miles north of the Missouri River and halfway between the east and west boundaries of the State. The soil isa 
clay loam, underlaid with limestone, which outcrops at many places in the vicinity. These trees were planted in 
1855, when two or three years old, by Col. J. H. Rollins. The largest is now (1897) 29 inches in diameter, breast high, 
and 64 feet 9 inches in height. One of the smallest is about 56 feet high and 16 inches in diameter. 

Additional notes of plantations in the West might be given, but the above is sufficient to show the White Pine 
can be successfully grown somewhat beyond its natural range, but does not well endure the dry conditions of soil 
and atmosphere which it must meet in the region west of the Missouri River. 


THE WHITE PINE AS A FOREST TREE IN GERMANY. 


As has been stated, the White Pine was introduced quite early into England, and from there 
it found its way into various parts of the Continent. In England it remained largely a park tree. 
In Germany it has been a forest tree proper for over a century, being used quite frequently, on 
account of its hardiness and shade endurance, as “ gap cover” to fill fail places. It has also been 
planted in many places on small areas as pure growth or mixture with the common European or 
Scotch Pine (Pinus silvestris) and Spruce. For a long time this “‘ neweomer” was regarded with a 
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feeling of doubt and even suspicion, and long before anything definite could possibly be said about 
the matter the merits and faults of the White Pine were extensively discussed. The “ practical” 
man, and with him some scientific men, were satisfied that such a light-colored softwood could not 
possibly be durable or otherwise desirable, and the small quantities offered from time to time did 
not always tind ready market. Of late years this condition has changed. In a series of excel- 
lent articles, Dr. L. Wappes, a Bavarian forester, records the experience had in one of the oldest 
bodies of White Pine in Germany, in which he shows that the tree in pure growth, and also as 
mixture with pine, spruce, or hardwoods, has proven a most excellent factor of the German forest; 
that it seeds early and heavily, and as plant material is easily and cheaply secured; thatit is readily 
and even preferably reproduced by natural seeding, a rapid grower, capable to withstand crowd- 
ing and shading, and that it is a tree especially capable of producing a large amount of timber 
even on poor soils, all of which coincides with the observations on its native habitat laid down in 
thismonograph. He shows that besides the Fir (Balsam), the White Pine is the only tree which, in 
the Palatinate and on poor soils will, at the age of one hundred and ten years, make timber of Class I 
(according to German notation, diameter at half length, 22 inches and better); that while the com- 
mon pine at that age furnishes only 13 per cent of Class III and better (diameter 12 inches and 
over), the White Pine furnishes 27 per cent, or more than double this amount of these and more 
valuable diameter classes. Dr. Wappes emphatically states that White Pine, wherever known, is 
eagerly bought, and that the opinion of the consumers has radically changed. He proves by the 
figures of large sales from the State forests, that since 1882 the value of White Pine has nearly 
doubled, while that of Spruce and common Scotch Pine has increased by only 20 per cent, and that 
of Fir and Larch has actually declined during this period. The following figures give an idea of 
the growth of White Pine abroad. The groves of the Palatinate are stocked on very inferior soil, 
nearly all other groves cited being on loamy sand. The figures for total volume are somewhat 
misleading, since they do not include the timber which has been removed from the older groves in 
thinnings, which would add probably from 10 to 15 per cent to make up whole production. 

It will be of interest to give more in detail the conditions of the last-mentioned plantation, 
reported this year in Dr, Lorey’s Allgemeine Forst und Jagdzeitung: 

The plantation of about 9 acres, on fresh loamy sand, situated at an elevation of 2,200 feet 
above sea level in Wurtemberg, consists of White Pine mixed with Scotch Pine, Spruce, and Fir 
in single individuals or groups. The White Pine represents, numerically, two-thirds of the total 
number, Scotch Pine is found among the dominant growth in part, but the Spruce and the small 
number of Firs show only codominant aud oppressed trees. 

The density of the growth was reported as satisfactory until in 1875, when a snowstorm broke 
down much material, so that at present the density does not average over 0.7. 

The stand, originating from seed, was several times thinned, and the last time, occasioned by 
the snowstorm, 400 White Pines were removed, with over 10,000 cubie feet of wood. The number 
of trees averaged 183 per acre, of which 142 White Pines, with diameters varying from 7 to 24 
inches, and 16 inches in the average, yielded altogether 9,510 cubic feet, while the other species 
added only 1,290 eubie feet. Comparison with the other acre yields recorded shows that under 
these conditions the product was less than in more favored situations, either the site or light 
conditions reducing the growth. 

The diameters represented on a sample area were distributed as follows: 

Dinmetersivnw. 2266.1.c2 ce ese inches.. §to10 10to12 12tol4 14to16 16to18 I8to20 20 to 22 22 to 24 
Number of trees. .o2-2.5-3-) see een eee 7 20 24 30 33 23 4 1 

Of the Scotch Pines only four had reached diameters over 16 inches, and of the Spruces none 
over l4inches. The superiority of the White Pine also appears from the comparison of height 
erowth, which was established for every five years by the measurement of average sample trees, 


as follows: 
Height growth of White Pine, Scotch Pine, and Spruce, by years. 


1 Age (years) and height growth (in feet). 
Sample trees. a _ — — _ Soe ES 
5 10 15 20 25 380 35 | 40 45 50 55 60 65 70 75 80 85) 90 - 


1/85 | 89 92 95 97) 100 | 
377 | 80 82) 84) 87 88 
2|75|78 | 80} 82) 84] 86 | 


White Pine beight growth ... 2. 9 q 4 
Scotch Pine height growth .....| 4 12 | 20 | 29) 35 | 4 
Spruce height growth ........ 2 35 | 4 


5 | 52) 59165) 71) 7 . 
2 49/54 60 65 
2/ 48 


C=) 
“I-10 


5 
54 | 59 | 63 | 68 


AS A FOREST TREE IN GERMANY. OY 


The preceding table shows how the slow growth of the first five years which the White Pine 
has in common with the Norway Spruce is overcome before the fifteenth year, and by the twen- 
tieth year the White Pine has distanced the Scotch Pine, gaining on it constantly until, by the 
ninetieth year, it has outgrown it 12 per cent. 


Dimensions and yields of White Pine in German forests. 


; | Number | a Sontag anaes 
Locality. Character of forest. | Age. of trees Coithout Height. | clusive of 
per acre. bark) limbs and} 
| . = stumps. 
| Years. | { Inches. Feet. Cubic feet. 
(Palatinate leases sacs osama Pare S10 witloetsas((esaialdl pee eaine eames 104 250 | 15.6 92 13, 300 
PAlAGINATE Decne onan om s|~ ames (ee mestsorsnhsnetencss a 68 660 9.1 66 | 10, 000 
| Palatinate IIT. .......-..-.. White Pine with Spruce...... Ay 68 550 | 10. 4 79 12. 000 
Palatinate IV.............. White Pine and Scotch Pine. . ae 58 330 10.3 64 6, 000 
alatingtenViescweeam seein malas = (it) cose snsenstoseancec ste a 46 | 600 | 7.4 49 4, 000 
fpibalatinavenvileccsccnesncon- erie Ops ce one seen ae ee ones ee eee 25 | 2, 200 4 34 3, 200 
| Prussia (Grafinrode)....... Ww ilk Pine mixed with Scotch Pine (75 to £0) 452 | (6 to 28) (72 to 87) 13, 224 
| | and Spruce. 
DO peso eames eees a= = Pure eae th (75 to 80) 410 (8 to 18) (80 to 87) 13, 000 
| Prussia (Rogelwitz) . 95 333 15 88 14, 298 
Frankfort on the Main - : = 82 723 | 9.7 72 12, 024 
ANS ed bry it Ue AO Sea ocomey nace do - 78 | 415 11.7 (79 to 89) 13, 027 
Wurtemberg -.........-..- | White Pine mixed with Scotch Pine, 93 183 | 16 98 10, 800 
Spruce, and Fir. | 


From these figures the capacity of the White Pine to produce large amounts of valuable stem- 
wood is apparent. Thus, on soil on which the 100-year-old trees developed only a height of 92 
feet, over 13,000 cubic feet of stemwood, corresponding to about 60,000 to 70,000 feet B. M., 
American scale, were cut per acre over and above about 1,200 cubic feet of material removed in 
previous thinnings. In every case the White Pine excels the common pine, and even the Spruce 
in this respect. It should be added that most of these plantations, made in the early part of this 
century, were not executed according to present superior methods, the species being an exotic and 
expensive was set out more in orchard fashion, as most planters in our country have been apt 
to do, at distances of 8, 12, and more feet apart. Owing to this fact the development was prob- 
ably not as satisfactory in the earlier years as it might have been had the method of close planting, 
either pure or in mixture, prevailed. 

The superiority of growth over the German Spruce and Pine is more fully illustrated in the 
following table, which shows the distribution and proportion of trees of White Pine and Spruce 
and of White Pine and Scotch Pine that are found in given diameter classes in two mixed planted 
growths of these species: 


Distribution and proportion of White Pine and Spruce and White Pine and Scotch Pine. 
nUeL i 


5 “A z 
White Pine and Norway Spruce, White Pine and Scotch Pine, fifty- 
sixty-eight years old. wht y ld. 
(65 per cent Pine; 35 per cent (oe ene ] 
Spruce. ] [50 per cent of each.} | 
| 
Diameter White Norway Diameter White Seotch 
of trees. Pine. Spruce. of trees. Pine. Pine. | 
| | 
Inches. Per cent, Per cent. Inches. | Percent. | Percent. | 
4to 6 0 9.5 Sto 6) 1 2.4 
6to & 15 30 6 to 8} 19.5 32 
8 to 10 30 27 8 to 10 18.7 35 
10 to 12 22 26 10 to 12 | 26 24 
12 to 14 20.5 6.8 12tol4 23.5 4.9 
14 to 16 HST Sseepeces =23 14 to 16 8 1.6 | 
16 to 18 ISP Pemcog gee acc 16 to 18 os les eaten 
18 to 20 | ph ee 


It apa that nearly 32 per cent of the White Pine is over 12 inches in diameter, as against 
less than 7 per cent of the Spruce, while 35 per cent of White Pine, as against 6.5 per cent of 
Scotch Pine, developed over 12 inches in the mixture of these two, and over 11 per cent of the 
former belongs to sizes above 14 inches, which is hardly reached at that age by its competitor. 
These figures prove clearly that the White Pine excels the Scotch Pine even during the age of 
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most rapid growth, so that the difference, in view of the steady growth of White Pine and the 
marked decrease in rate of growth in the Scotch Pine, would be markedly greater if older timber 
had been compared. 

Just as in its native range, the White Pine is decidedly a heart pine, the sapwood changing 
early into the durable and more valuable heartwood. In timber one hundred years old grown in 
the Palatinate the sap in many cases is less than 1 inch thick, so that 75 per cent and more of 
the entire stem is composed of heartwood. 

In view of these facts it is quite safe to say that the White Pine in the future will be one 
of the prominent forest trees of Germany, and perhaps of Europe, as it will always be the king of 
woods in our Northern and Eastern States. 


ELE AV@OODIOE ELE WHITE SPIN: 


TE. WOOD OF THE WHILE, PINE: 


By FiLisert Rota, Division of Forestry. 


White Pine is a favorite material with the wood consumer in the Northeastern States on 
account of the combination of qualities it possesses. It is a light, soft, uniform, straight-grained 
timber, to be had in all markets in any quantity and in all dimensions, from the ship’s mast to the 
clapboard. It seasons well, shrinks and warps but little, is quite durable, insect-proof, and takes 
oil and paint and has a good color, is light to handle, easy to saw and plane, takes nails without 
splitting, and is, in short, the ideal material for the carpenter and joiner, who handles the bulk 
of the 30 to 40 billion feet gf sawed timber and Jumber annually used in this country, of which 
White Pine furnishes over 30 per cent. ; 


CHARACTER AND PHYSICAL PROPERTIES OF THE WOOD. 


The structure of White Pine, like that of other pines, is simple. Ninety per cent and more 
of the weight of the dry wood is formed by the common wood fibers, or tracheids, 0.12 to 0.20 
inches long, well suited for pulp material. The spring wood of each annual ring passes gradually 
into the summer wood and thus the sharply defined bands of hard, dark and soft, light-colored 
material so conspicuous in the rings of all hard pine, especially Longleaf and Cuban Pine, are 
absent in White Pine, making the cutting of the wood by either plane or saw much easier 
than is the case with hard pines. Sapwood and heartwood are quite distinct—the former white, 
the latter with a slightly brownish cast. The change trom sapwood to heartwood takes place earlier 
in the young tree and the younger portions of old trees than in older timber. Thus, in a thrifty 
sapling thirty years old the sapwood shows about eighteen rings on the stump, but only ten rings 
35 feet from the ground. In trees over one hundred years old the number of rings in the sapwood 
is generally over thirty at the stump, decreasing often to fifteen or twenty near the top. The 
number of rings in the sap, as in other pines, is smaller in thrifty and greater in slow-growing 
trees, while the width of the sapwood is generally least in slow-growing timber. Compared to 
other pines, White Pine has a narrow sap at all periods of its growth. While in the hard pines, 
like the Longleaf Pine, and still more in Loblolly and Shortleaf Pines, the sap forms generally 
from 50 to 75 per cent of the log, it is generally less than 35 per cent of mill-sized timber in White 
Pine. This highly valuable property of the White Pine is found in all localities, even in Europe, 
where the tree has been widely planted. 

SPECIFIC WEIGHT. 


To determine specific the weight of the wood and other physical properties a collection of 
seventy-three trees was made, including material from the New England States, Michigan, and 
Wisconsin, and also from the mountains of North Carolina. 

The specific weight of the greenwood varies chiefly with the amount of sapwood and conse- 
quent abundance of moisture, since the heartwood contains but little water outside of its cell 
walls (except in some cases where the heartwood near the stump also contains liquid water). 
Generally the weight of the greenwood varies from about 40 to 50 pounds per cubic foot, and is 
greater in young poles than in old timber, which latter on this account floats readily, rarely sink- 
ing, even after years of immersion. 

The specific weight of the kiln-dry wood varies, generally from 0.33 to 0.40 (20 to 25 pounds 
per cubic foot), is greater in the old tree than in the young sapling, is greater at the stump than 
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farther up in the same stem, is independent of orientation (as great on the north side as on the 
south side), is no greater on clay land than on the sandy soils, and seems in these particulars 
quite independent of locality. The wood from the swamp trees is no heavier nor lighter than the 
wood from the upland trees, the trees from New England differing apparently in no way from those 
of either the Lake region or North Carolina. 

Leaving out of consideration the specific weight of the limbs and knots (these being always 
heavy, as in all pines), the average specific weight of the dry wood of the stem was found to be for— 

Specific 


gravity. 
Five trees 200: t0'250 ‘years\old 1.22227 S.-o552e 5. Se tee claccee stocen mec steles ccasmybece.duee ee 0. 386 
Five :trees)125'to,160 years:old..-- 22... be cada qeenanace sone ce sadeen soemanlc mee cama 2388 
Pivertrees 100'to 125: yearsjold. ..222csccenc came as ve sees beeen nee aes aase dn an hiaenimnenae . 383, 
WOM GTEC IDO 09 OATS OL eternal ae ates (eat ee aera ornate aceon ae ee elie - 378 
Tenstrees|60 70) 74 years oltre... tem ii ase ast cemee meee Seen daeosesereee nae newer ease - 366 
Nineteen trees'40 todd wears Od soe nme an soc er cee. e os ns. '-/2 =cehoee amas aces aes eres - 353 
Nineteen tréds'S0-to0 'S0 years Old ois ee ead ee hee ce wa Se ecites see niet s Sees ose - ool 


From the above, and still more from the table following, in which the trees are grouped 
according to age, it will be seen that White Pine displays a uniformity of specific weight, and other 
properties dependent on weight, such as is entirely unknown in any other pine of the Eastern 
United States. 


Average weight (kiln dry and green), moisture content, and shrinkage per cent of White Pine. 


I.—TREES 200 TO 250 YEARS OLD. 


| . Specific gravity = 100. iNoiature as. 
| pac : Diameter z | 
18) a ! - ‘ ant A 
Lotaltee, eon pina anes beeaey high Width of Lr Abe | Pee eae 
trees. of trees. | “yugut | mings: Kiln dry.| Green. | weight of mVOTOMe: 
| ae dry wood. | | 
Years. Inches. | mm. | Percent. | Per cent. 
| 5 | 295 23.0 | td 38.1 69 93 | 7.6 
16 250 22.0 .8 38.5 62 73 | 8.6 
30 205 19. 0 1.3 36.0 64 95 8.5 
1 209 27.0 1.6 39.0 | 66 85 8.1 
2] 202 19.4 1.0 38.5 66 100 8.0 
3 | 202 20.5 | 1.2 | 39. 2 67 81 7.9 
—_— ————— —_____. — | — —_ ——— 
| aes |W Riee ell Ree co eae s| ee ae | 38.6 65 88 8.1 
II.—TREES 125 TO 160 YEARS OLD. 
| 
] 
Lincoln County, Wis .-.-.-.------ 1 146 | 19.0 1.5 42.0 74 92 9.0 
ND whet oie siete eae aioe Swat alis 2 140 22.0 1.9 36.4 72 113 8.7 
WOOSS - Fee voce cease eaanw ea cn 3 141 12.0 1.0 38.4 65 92 9.1 
Be ON spr cick sentence ee 4 140 15.0 1.2 40.5 72 87 9.8 
TAnvilles NG. scdsoseccncmebaee sss 458 158 | 33.0 2.1 37.1 72 110 “Pi 
IVETE EO vase ne verses eapeons sean Sesosed)| Gzpocosccecc bet cocgeiiass) bo -Bkg coe 38.8 71 95 8.9 
III.—TREES 100 TO 122 YEARS OLD. 
Bae | 
Gra 1 | 110 17.5 | Bae 36.0 64 96 9.2 
I 2] 122 17.7 | 1.8 35.0 64 99 9.0 
4 114 9.5 | ia | 39.8 79 120 9.8 
5 | 105 7.6. | 9 38. 3 76 121 8.5 
7 | 115 7.8 | 1.1 46.8 | 100 138 10.5 
8) 108 7.8 | 1.2 | 38.9 | 78 122 8.8 
9 | 112 85 1.3 | 38.0 85 147 8.8 
10 111 5.0 | 8 36.7 71 109 8.5 
pe S| Se ee ee Pe Se eae | es 
Re AOA [aap whe oben] adem ce peta al nana oma 38.3 74 119 | 8.9 
IV.—TREES 75 TO 100 YEARS OLD. 
Lincoln County, Wis ..........--- 6 75 4.0 0.8 36.3 | 68 111 8.4 
Marathon County, Wis 12 a4 14.0 2.0 39.4) 76 110 | 9.0 
Loh ener 55. £ 13 90 12.0 ran 37.0 85 148 9.8 
Tiny sues 14 | 81 15.0 ony 36,0 73 121 9.0 
Dp oi 2t~. os 15 95 10.0 ld 40.4 72 | 88 9.4 
Grayling, Mich ... 6 | 93 7.0 1.6 40.1 90 149 8.7 
Chippewa County, Wis .. 5 83 7.0 1.5 36.3 7 132 9.8 
Dine cwoses : 6 94 6.3 | 1.0 37.0 | 74 115 8.0 
DOkeerase 7 84 | 10.4 2.4 87.1 | 76 128 9.8 
DGisbosoweesecb epee. pe caae 9 78 | 10,2 1.8 | 38.5 76 119 8.7 
Average tdcsve.cpsce Wace Tht sei|ticeconeoed| ees Eee 37, 8 | 76 112, 9.0 


Average weight (kiln dry and green), moisture content, and shrinkage per cent of White Pine— 
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V.—TREES 50 TO 74 YEARS OLD. 


dD. 


Contin 


ued, 


75 


| | ‘ Specific gravity * 100. \oistureas 
| | “ar . | Diameter - | 
Original Approxi- : = . - € - 
Locality. number of SAREE breast high) W idth of vat ther] Shrinkage 
. | trees. | of trees. pee Se Kiln dry. Green. weight of | in volume. 
| | eis dry wood. 
| | | } 
| Years. | Inches. mi. Per cent. Per cent. 
| Lincoln County, Wis......-.+-+--- 7 60 4.5 aS 34.3 80 148 8.5 
| 8 50 2.0 ne 39. 3 70 8.5 
| ML 52 5.5 eyt 33.8 86 A 8.6 
| 8 65 8.0 2.9 38.7 78 | 22 9.0 
4 73 7.0 1.5 39.0 64 | 84 10.1 
10 67 4.2 1.2 35. 7 | 2 8.0 
1 50 13.0 4.0 35.3 8.6 
4 52 11.0 2.8 38.5 8.6 
16 54 14.0 3.6 39.0 8.4 
17 65 10.0 | 2.4 36.5 71.3 
18 | 60 10.0 | 2.3 35.5 | 7.5 
PAVOUSE OC cecansaeecesso--ecee : | 36.8 | 8.0 
1 
VI.—TREES 40 TO 49 YEARS OLD. 
| 
Lincoln County, Wis 9 48 2.3 | 0.6 43.3 81 102 | 8.5 
Do 47 6.0) 2.0 31.3 86 162) 8.9 
40 6.0 2.2 33.5 85 173 9.0 
40 6.0 2.3 34.5 81 149 8.6 
40 2.0 11 33.7 71 124 | 8.3 
42 2.8 1.0 35.0 67 105 8.4 
44 4.0 14 33.8 82 158 7.9 
46 8.5 2.6 36.2 58 76 8.4 
45 9.2 3.0 36. 2 65 95 8.5 
49 13.7 3.9 35.0 61 93 8.4 
"47 9.5 2.8 38.0 64 81 8.1 
48 12.5 3.6 34.5 65 108 9.3 
49 10,3 3.1 39.0 67 89 9.3 
46 10,2 2.9 37.2 70 104 7.0 
46 10.0 2.7 85.0 66 103 8&1 
45 | 12.8 3.8 35.5 67 106 8.6 
45 | 9.1 2.6 37.7 75 118 9.4 
41 10.3 3.4 33. 0 61 98 7.9 
40 8.6 | 3.1 31.7 | 64 122 8.4 
aecsececeae bea ea a mee| ie Ie Se aren 35.3 70 113 8.4 
VII.—_TREES 30 TO 39 YEARS OLD. 
| y ! 
Marathon County, Wis .......---- 22 38 40 1.5 31.3 | 77 162 | 8.2 
Plymouth County, Mass - 7 36 8.3 | 3.5 36.5 64 93 8.3 
34 9.1 3.4 85. 2 66 105 9.2 
35 12.0 4.7 35.7 66 100 7.7 
38 11.0 3.4 35. 2 74 131 9.1 
38 10.8 3.6 33.7 74 147 8.2 
37 10.8 3.7 36.0 83 146 7.5 
35 92 3.6 36.1 61 85 8.1 
33 11.2 4.8 33. 6 65 108 7.0 
31 6.5 2.9 35. 2 63 99 9.5 
33 10,5 4.4 33.0 72 143 | 9.3 
36 9.2 3.6 35. 2 68 lll 8.7 
35 7.0 2.9 34.5 66 109 8.2 
38 6.8 24 28.5 66 89 9.8 
37 Tal 2.8 36.7 67 108 10.2 
37 8.2 3.0 36.7 vel ul 8.5 
39 9.5 3.2 37.7 65 99 | 9.0 
34 7.5 3.3 32.7 71 129 | 7.5 
35 9.3 | 3.7 34.5 74 123 9.2 
35 10.3 | 3.9 30.0 64 147 8.0 
a ee ee en 
Ee abacewesy|occcnecccose Berea eee 35.1 | 68 104 8.5 
| | | 
VIII.—TREES 20 TO 30 YEARS OLD. 
} | 
Tan wlGa Ne Cease see aaa ae 459 22 | 4.0 2.7 34.7 83 | 164 9.4 
Oe eins ain(e nina cln'ain male's’ a'aje'e(n'winin'ia 460 | 26 7.0 2.8 36.9 85 | 156 10,2 
CANES Se Sonat apoecsar ses] scScocknated bosesccscrcs pads ases cng bSosecoecssy | 35.5 | a4 165 9.8 
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From the table it appears that the specific weight of the timber is quite independent of the 
rate of growth, and that the individual variation generally moves within very narrow limits. The 
diagrams (figs. 16 and 17) show the relation of weight for the different sections from the stump 
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Fig. 16.—Diagram showing specific weight of wood at different cross sections of the stem; also a decrease of weight from the stump 

upward, and the similarity of the wood of different trees. (Five trees, over 200 years old. Dotted line indicates the average.) 


‘ 


upward; the slightly greater weight of the older timber, as compared to sapling material, the 
uniform decrease in weight from stump upward, and also the uniformity of the several individuals 
of any group of trees is clearly apparent from the lines. “The same decrease in weight from below 
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Fic. 17.—Diagram showing specific weight of kiln-dry wood at different points in the stem from ground upward: a, six trees, 200 to 250 
years old; b, five trees, 125 to 160 years old; c, seven trees, 100 to 125 years old; d, ten trees, 75 to 100 years old; ¢, ten trees, 50 to 74 years 
old; /, eighteen trees, 40 to 49 years old; g, nineteen trees, 30 to 39 years old. 


upward is observed in the wood of any given period of growth; thus, the wood of the last forty 
rings (next to the bark) was found to be as follows: 


Decrease in weight of the wood of the last (outer) forty rings in the several disks from stump upware. 


Specific gravity. 


Tree No. | Tree No.1. Tree No. 2.| Tree No.3. | 


Disk number. 


458. 
ccc caressesescuecousaaepwerns ss tawe 0.37 0.42 0.44 0. 45 
mmo an anes ascnceusconcens 31 | 39 40 405 
phipwies Sondndan on weeecdees - 30 36 36 39 
degen denedottas cons maae 295 | 35 - 36 36 


SHRINKAGE AND STRENGTH OF WOOD. BT 


As in other pines, there is usually an increase of weight in the crown, apparently due to an 
influence of the limbs, but as this influence is local, so the apparent result is local, and the weight 
is very irregular for the crown part of the stem; the pronounced increase is apparent only in the 
immediate vicinity of the limbs. The absence of a pronounced or sharply defined summer wood 
makes it difficult and impracticable to apply the microscopie methods to determine the variation 
of weight from pith to bark on any cross section. From the actual determinations of weight, it 
appears that for the lower portions of any normally grown tree there is usually at first an increase 
of weight from the pith outward, reaching a maximum somewhere between the fiftieth and eightieth 
ring, maintained for a long period and usually followed by a very slow decrease in weight from 
there on outward. This variation is generally small, and never reaches the proportions met in 
sections of hard pine, such as Longleaf Pine, where it commonly amounts to 75 to 100 per cent of 
the weight of the lightest portion. 

Usually about half the weight of a green log is water. The amount of moisture generally 
varies in the sapwood from about 120 to 160 per cent and from 40 to 60 per cent in the heartwood, 
the amount for the entire log, therefore, varying with the proportion of sap and heart is greatest 
in saplings and least in large mature trees, in the latter from about 90 to 120 per cent of the 
weight of the timber after it is kiln-dried. The wood parts with its moisture as easily as any 
wood in the market, dries rapidly, with little injury, and may safely be kiln-dried fresh from the 
saw, though in actual practice this method is almost unknown in the White Pine regions, the 
usual way of drying by carefully piling in immense piles, being the universal way of seasoning. 
Well air-dried White Pine, as in an ordinary room, still retains 8 to 9 per cent moisture, and if 
unprotected by oil, paint, etc., is quite susceptible to changes of humidity, absorbing and giving 
off moisture at every change of temperature and humidity of the air. 


SHRINKAGE. 


In keeping with its smaller specific weight, the shrinkage of White Pine is less than that of 
other pines. It is greater for sap than heart, and therefore greater for sapling timber than for 
older trees. From the table on page 74 it appears that the shrinkage in volume varies for the 
several groups of trees from 8 to 9 per cent, and, like the weight, is quite uniform for the different 
individuals of each group. 

The ease and rapidity with which White Pine seasons, and the manner of distribution of 
White Pine lumber, encouraging proper seasoning before use, haye done much to earn for White 
Pine the fame of being one of the woods which do ‘‘not shrink” nor “work,” a virtue which is not 
only in part due to the small weight and consequent small shrinkage, but is largely the result of 
proper handling. 

STRENGTH. 


Being the lightest, White Pine is also the weakest among the pines of the Eastern United 
States, as appears from the following general average: 
Strength of White Pine at 1? per cent moisture. 


Pounds per 
square inch. 


Compression endwise and in bending to true elastic limit.-.-....-.-..-...----------- 5, 200 
Bending to rupture.---.. -- SS ee eet eh aA ee SO eee ee ee Roe 48 AE Ae 7, 900 
M@CUINS On OLASTLCULY actos oa ERPS ose gas ee elo e ean se ae one ee eee eee oe 1, 410, 000 
Compression across the grain (3 per cent deformation) ........---..----.------------ 720 
Shearinoparallelito fiber 222. oe co ae oe Bete Sena Ree Cocos eee aR ae ie 380 


Out of about seven hundred tests made by the Division of Forestry, about 55 per cent fall 
within 10 per cent of this general average, aud 90 per cent within 25 per cent of the same. Though 
the test series for White Pine was by no means as full as is desirable, the above average results 
will probably be found fairly accurate and sutiicient for general purposes. The table on the next 
page presents the average results for the several trees, 
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Average strength of the wood of White Pine of different trees at 12 per cent moisture. 


17), +, “A ae ra Bendiinte | i Gy, 7a 
§ to— ompres- 
Original gia ——- ———  Compres- sion across Shearing Average 
Locality. number of (1,000 y Relative | sionend-  grainto3  parallelto — specitie 
trees ioundad Rupture. elastic wise. per cent de- fiber. | weight. 
| I : limit. formation. / 
Pounds per Pounds per Pounds per Pounds per Pounds per 
| sqein. | aq.ine | aq.in. aq-in. | ag. in, 
Wisconsin.. 101 | 1, 260 8,100 | 6, 200 4, 600 690 460 0,42 
102 | 1,520 7,400 6,300 4, 200 560 320 | . 36 
104 1, 350 7, 800 6,000 | 4, 800 620 430 40 
112 1,330 8, 300 6, 300 5, 000 650 440 30 
ll4 1,190 a6, 800 5, 600 4, 250 630 400 36 
116 1, 350 8, 300 5, 900 } 5, 000 560 470 385 
5 601 1, 370 7, 400 6, 300 5,500 | 810 350 38 
Do. ee . 602 1,470 7, 800 6,700 5, 700 860 420 37 
Gs eee ° 603 1,470 7, 850 6, 650 5, 400 790 | 320 38 
Wisconsin.....- 3 607 1,380 8, 000 6, 800 5,700 | 910 | 340 39 
MOgucness se js 608 1, 560 8,900 | 7, 450 5, 700 670 830 385 
LG hen ae BR Anse Sass 609 1,510 8, 200 6, 700 6, 200 880 340 392 
AVOLAZO 5: u- cccocceuceswes|-9cs-mcwamen 1,410 7,900 | 6, 300 5, 200 720 380 . 384 | 
Average for trees 601 to 609.....|...--....-.- 1, 460 8, 000 6, 760 5,700 | 8, 200 350 38.3 
/ | 


a Insufticient data for a fair average. 


In the above table the data for trees 101 to 116 are insufficient. Both material and tests for 
trees 601 to 609 were satisfactory in every respect, and the results, therefore, of far greater value 
than those for trees 101 to 116. 

In keeping with its greater weight, the wood of the butt logs is slightly stronger than that of 
the top logs, and there is generally a regular difference between different parts of the same cross 
section, the center, as appears usual in pine, being the weakest, the heavier intermediate portion 
the strongest, and the peripheral part lying between the two. 

For a more careful study of this relation, tests were made of a set of 2 by 2 inch sticks cut out 
of one log from each of three trees, in such a manner that the centers of the logs formed one set, 
the part midway from center to bark another set, and the outer portion of the logs a third or outer 
set, the latter two being all quarter-sawed pieces. The tests furnished the following average 
results; 


Strength of 2 by 2 pieces at 12 per cent moisture. 


Kind of test. Tree No. 601. Tree No. 602. Tree No. 603. | 
. | 


Pounds per Pounds per Pounds per 


aq. in, sq. in. sq. in. 
Compression endwise .....-..62...-. sccecrnwes 6,710 6, 890 6. 340 

Bending to relative elastic limit...- . 7, 960 7,970 7, 890 
Bending to rupture............-...- 9, 360 §, 630 9, 340 
Moduius of elasticity (1,000 pounds)... 1, 306 1,291 1, 285 


It is apparent from the above that the perfect quarter-sawed material confirmed the other 
test results in showing the great similarity of the wood of these three trees. It also shows, how- 
ever, that the effect of defects in an unselected lot reduces the strength values markedly in this 
species. 

Arranging the results according to the position of the test pieces in the log, it is found that in 
compression endwise the strength was: Center pieces, 5,520 pounds, or 78 per cent; intermediate, 
7,000 pounds, or 100 per cent; outside pieces, 6,680 pounds, or 95 per cent; showing that the 
heart pieces, as has been found in other conifers, are always the weakest, thus verifying the results 
of the general series. The slight decrease from the intermediate to the outside pieces is in keeping 
with the smaller weight of the latter and need not be ascribed to the fact that these pieces con- 
tained small proportions of sapwood. As might be expected, the uniformity of results in this 
properly selected and prepared material was greater than in the ordinary series. Of 58 tests, all 
fell within 25 per cent of the average strength and 76 per cent within 10 per cent of the average. 

In connection with a general study into the maximum uniformity of wood, three scantlings of 
White Pine, with an average specific gravity of about 0.54 and an average compressive strength 
at 8 per cent moisture of 4,900 pounds, were examined, two being tested air-dry (8 per cent) and 
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the other after being soaked for three months in cold water. The results of these tests on White 
Pine are embodied in the following table: 


Strength of contiguous blocks of the same scantling of White Pine, select material, in compression endwise. 


[Dimensions genetally, 2.76 by 2.76 by 2.76 inches. } 


| Dry seantling. Seer i Dry scantling, senline: 
Number of block. ee eee pai Number of block. ele il Ot ma 
1 2 3 1 2 3 
| 
Pounds per Pounds per Pounds per Pounds per Pounds per Pounds pei 
sq.in. | g.%n. aq-tn. i i 8q- tn. 
4, 850 5, 070 2,270 | 
4, 860 5, 150 | 
4, 690 5, 020 
4,840 4,770 
4, 760 4,770 
4,720 4,920) | © :2,) 390) |) Sl cccec ena ceewccwewcnemcces| 45990) (pcocc-ceecccleennw 
4,730 4, 950 
4, 760 4,540 4, 690 
4,750 4, 860 4, 750 
4,770 a6, 460 4, 670 
4, 730 4, 860 4, 630 
4, 760 6,010 | 4, 800 
4,770 | 4,730 
4, 670 4, 660 
4, 600 a6, 000 
| 4, 660 | 
4,590 
| FAG, | bacaaceeesas 
| 4, 610 4,910 
4, 880 a 6, 600 
4,920 4, 600 
4, 870 4, 650 | 
4, 970 4,720 
4, 940 4, 860 


a Dried at 180° I. (to about 2 per cent moisture) before testing. 


It appears that in the tests on dry material the greatest difference between any two contiguous 
blocks of select quarter-sawed White Pine was 190 pounds per square inch, or 3.8 per cent of the 
total strength; that generally it was less than 2 per cent, and several times only about 0.2 per 
cent, but that in tests of this kind less then 200 pounds in the results can not be regarded as any 
difference at all, this amount being due to indeterminable differences found even in the best 
material, and partly due also to imperfections in the means and methods of testing. It is also 
clear that in the same scantling, though select and of small dimension (only 6 feet long) a 
difference of nearly 900 pounds per square inch, or 18 per cent of the strength, in compression 
endwise may be found, so that any inferences from scantling to scantling must be taken with 
great caution, and any accurate relations, such as the influence of seasoning, etc., can be made 
only in a manner similar to that employed in these uniformity tests. 

From the general series of tests, also from the tests on the select 2 by 2 inch pieces, and in 
way of indication also from some of the tests in maximum uniformity, it appears that seasoning 
affects the wood of White Pine to about the same degree as that of other pines. The strength of 
greenwood, or wood soaked to a point where additional immersion no longer changes the volume, 
is independent of differences in moisture. This is quite clear from the test in uniformity of the 
scantling immersed for three months. Though the blocks differed (especially near the ends) 
within wide limits as to the amount of moisture they contained, yet the strength was found to be 
as uniform as in evenly dried timber. By drying green or fully saturated wood to about 2 per cent 
moisture (kiln-drying at 80° C.), the strength is more than doubled; and even if pieces well air- 
dried are kiln-dried the strength is still increased by over 40 per cent. For timber to be used 
under cover and kept properly ventilated, it is safe to presume that the strength, once seasoned, 
will be 50 per cent greater than when green, and if used in heated rooms, an increase of 100 per 
cent on the strength of the green timber may reasonably be expected. The diagram (fig. 18) well 
illustrates this feature. 


SO THE WHITE PINE. 


@ 
Ss 


ye al the dry wood. 
; 


. 


S 
Ss 


09 
So 


Moisture as a Pereentac 


0 "3000 5000 7000 10000 
Compression Strength per. sq. inch in pounds. 


Fic, 18,—Diagram showing effect of moisture on crushing strength. 


DURABILITY. 


With regard to its durability, White Pine is generally underrated. The soft, light-colored 
wood suggests general frailty and a lack of resistance, in which resistance to decay is included. 
In the region where it grows the unusual great durability of the heartwood of White Pine is 
well known; “the stamps of White Pine last a lifetime;” old logs, covered with moss and often 
with young Poplars and Birch growing from their surface are uncovered and utilized as shingle 
bolts. White Pine shingles wear out, but rarely decay, and a good sidewalk of White Pine is 
considered the best to be had. As in other pines, the sapwood decays readily, but this being 
narrow in good logs, more than half of all White Pine sawed is good durable heart, a wood which 
is neither subject to decay nor to the boring insects any more than the heavy resinous heart of 
the Red Pine or of the Southern pines. 


COMPARISON WITH OTHER WOODS. 


Generally White Pine is logged and milled on a large scale, cut mostly into boards and plank, 
and there is to-day no common wood which is more economically handled and more carefully 
selected. 

Compared to other pines, the White Pine is offered more extensively and has a greater 
influence on lumber markets than any other wood used. lt is more uniform, lighter, softer, and 
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shrinks less than any other pine; it is durable, insect proot, and suited to a much greater 
number of uses than the wood of other pines. 
The following table exhibits the position of White Pine as to weight and strength: 


Weight and strength of White Pine compared with other pines. 


f | Bending. 
Specific gravity. LL = ———— Compression endwise. 
| Rupture. To relative elastic limit. 
Name of pines. | _| 2 
Pounds | | Pounds | Pounds 
Actual. Relative. | persquare| Relative. |persquare| Relative. persquare| Relative. 
| inch. js odnchs | inch. 
| = 
onl ea tomes sean cme eeecei=i<i= 3) | 61 100 | 12, 800 100 | 10, 300 | 100 8, 306 100 
Loblolly =) 53 87 | 11, 800 92 | 9, 500 | 92 7, 800 94 
Shortleaf .............- === 51 84 | 10, 400 81} 7, 800 76 6, 500 78 
Red or Norway --+| 48 78 | 2, 100 71 7, 700 | 75 6, 700 81 
WiHlGOiee see ecw eee seaeete ace 38 | 62 | 7,900 62 | 6, 400 | 62 5, 200 62 
| | 


_— oe a a 


Of the several columns, that on specific weight being at once the simplest and most truly 
representative of the entire stem of mature timber, illustrates probably the relative position of 
these five pines most perfectly. The Southern pines, if only the saw timber is considered, will 
prove even heavier and stronger by several per cent than appears from this table. 


USES OF WHITE PINE. 


There is no wood in the United States, perhaps in the world, of which there is a greater 
quantity used, nor one which is put to a greater variety of uses than that of the White Pine. At 
present the great mass of White Pine, probably not less than 95 per cent of the entire output, is 
cut into even lengths, usually 12 to 18 feet long, preferably 16 feet (full 75 per cent being 16 feet), 
and is converted principally into boards, plank, and “dimension stuff,’ 1 to 4 inches thick and 
4 inches and upward in width, the widths varying always by an even number of inches. 

In all the better mills the slabs are cut into laths, pickets, ete., while the thickest slabs and 
the sound portions of very defective logs are cut into shingles. These “shingle cants” are of 
variable sizes, usually containing knots and decayed portions; these defects in the shingle are 
cut out subsequently by the knot sawyers. Shingles of regular widths are rarely made. In the 
Sawing of the great mass of lumber the main saw merely cuts slices of various thicknesses from 
the logs, and their conversion into certain widths, as well as the removal of uneven edges, is left 
to the edger, on whose knowledge and skill much of the success of the mill depends. Usually 
the clear stuff, whenever possible, is left in broad and thick planks; the rest is cut into different 
widths so as to insure the greatest value, in most cases boards of extra width and select boards, 
for siding, ete., receiving preference and determining the conversion. The clear stuff, or “uppers,” 
rarely forming over 15 per cent of the cut in our times, are used by manufacturers of sash, doors, 
and blinds, and by furniture men, and the most select portions by model makers and other special 
manufacturers where the price of the material is of secondary consideration. For material of this 
kind the consumer generally pays over 350 per 1,000 feet B. M.. and in some eases it is retailed at 
over $100. Of the remainder, the great mass is used in the construction of frame houses, where 
commonly everything of wood, from cellar to roof, is made of this material. Of the inferior 
grades, enormous quantities are used for boxes, and much also is used as fencing and barn lumber. 

For box shooks, straight-stave cooperage, pails, tubs, ete., a great deal of small sapling pine 
is employed. Smaller quantities of better-grade White Pine are used in mill constructions (for 
chutes, elevators, etc.); also in the manufacture of farm implements, for large surfaces, panelwork, 
ete., and in boat and ship building for decking, in fitting up cabins, for all kinds of spars, where 
its lightness, stiffness, and durability, together with its tine form and dimensions, render it a 
special favorite. 

Considerable quantities of hewn and round timbers are still brought to market for export, 
but on the whole this trade is insignificant when compared to the entire output. 

White Pine is universally seasoned in the yard; most of the lumber does not reach the consumer 
until a year after manufacture. The ease of working induces the consumers to do a great deal of 
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resawing. The flooring, and even siding for the smaller markets, and for cheap construction are 
commonly the selected parts of sheathing and other inferior grades, as classed at the mill, and it 
is rare to find, in recent years, the best grades of White Pine in the smaller retailers’ yards. 

In the classification of White Pine a great degree of finesse has been introduced, and the 
closest attention is paid here, as well as in edging and trimming, to the probable future use of a 
given piece of material. 

From the enormous consumption of White Pine alone, and also from the great variety of uses 
to which it is put, it is clear that any material diminution of supplies must affect extensively and 
intimately the wood market and wood industries of this country. The common claim of substi- 
tution of some other pine or conifer, and still more the belief in the use of hardwoods in the place of 
White Pine, have but little in their favor. A shipping case of White Pine requires about half the 
effort to make and only 50 to 65 per cent of the effort to haul or handle as one made of Southern 
Pine, its most natural substitute. Similarly, a White Pine lath nails with half the effort, shrinks 
less, and thus is far more satisfactory than one made of hard pine. For a good door or for satis- 
factory sash and blinds only the Cypress and White Cedar can enter as a substitute, and both 
are too restricted in their occurrence, and the Cypress has too little chance of future regeneration 
to deserve consideration as a general substitute. The transportation of Pacific coast timbers, 
a small portion of which have the properties of White Pine, to the densely populated Eastern 
United States is not likely to occur on a large scale, for the cost of hauling alone equals the 
value of good grades of Eastern lumber. 


APPENDIOS: 


TABLES OF MEASUREMENTS. 


APPENDIX. 


TABLES OF MEASUREMENTS. 


The following tables record the detail investigations, measurements, and tabulations which 
have served as a basis for the discussion of the growth of the White Pine. The measurements 
in the field were made by Mr. Austin Cary, of Bangor, Me., and by Mr. A. K. Mlodziansky, of 
the Division of Forestry. Mr. Mlodziansky has also executed the laborious calculations, and is 
responsible for their accuracy. 

The methods employed in this investigation have been described in general in Bulletin No. 20, 
“Measuring the forest crop,” of the Division of Forestry. They are in the main similar to those 
practiced by European foresters, with some minor and one important modification, which latter 
Mr. Mlodziansky has developed during the course of his work in collating the data. This modifi- 
eation, which refers to the analyzing of trees for ascertaining the rate of growth, consists in 
grouping by age classes, and instead of analyzing each single-measured tree, as is usually done 
in European practice, averages the data of measurement from a number of trees grouped and 
then analyzes the growth of the average tree thus constructed of each age class or group. In 
this way the work of collating is very considerably reduced and the measurements of a very much 
larger number of trees can be expeditiously utilized for average statement. It is needful, 
however, in order to be quite satisfactory, that the classification or grouping of trees be made 
in the woods while measuring, a task which requires considerable judgment. When the classi- 
fication is so done in the woods, the mechanical work is further simplified by entering the 
measurements for each group in sets, the measurements of cross sections taken at the same height 
being entered on the same sheet for all trees of the group, when the averaging of the measurements 
can at once be performed on the same sheets. 

The forms used in the investigation are also appended, and will serve to further elucidate the 
methods pursued. 

Since it was not expedient to fell trees specially for these measurements, it was not always 
possible to secure all measurements in the most desirable form; for instance, the desirable meas- 
urement and correlation to age of diameters at breast height, and at short intervals of the height, 
could not be obtained, because the work was performed on trees cut in regular lumbering opera- 
tions; hence, the data had to be manipulated and interpolations used so as to secure satisfactory 
approximations for the periodic growth. The number of trees analyzed (some 700) is so large 
that any deficiency of method may be considered as neutralized. 


TABLES OF CUBIC AND BOARD CONTENTS OF WHITE PINE. 


The tables of cubic and board contents of White Pine are based upon the measurements of 
pine taken for analysis from the various sites described in the tabulations of acre yields. 

The stem of each individual tree was calipered at intervals of 4 or 8 feet, and the volumes of 
the portions between two successive diameter measurements were calculated separately, considering 
them as frustrums of cones. From the volumes of stems of similar height and diameter, breast 
high, the average volume was noted. The volumes of stems of missing dimensions was calculated 
by employing the corresponding factors of shape. The factor of shape is determined by dividing 
the volume of a tree by that of a cylinder of the same height and diameter, breast high; it shows 
the taper of the stem and is usually expressed in decimals, thus representing arithmetically the 
form of the stem. For determining the volume of a tree by means of the factor of shape, it is 
necessary only to measure the diameter and height of the tree, find the volume of a cylinder of the 
corresponding height and diameter, and multiply that volume by the factor of shape. 

The lumber of stems in board feet was determined by employing Scribner’s rule. 
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TABLE II.—dActual tapering and board contents of stems of White Pine from 5 to 514 inches in diameter, breast high. 


& Diameter (in inches) with bark atu height trom £ | Diameter (in inches) with bark at a height from 
ground of— | || ground of— 
3 = | 3 
5 Ma | lon 
~ ~ 
S| oa SBE | 8] 4 
S3| nies | | exeliecee 
al es S20) |\bas Gs | 3 as S |sso| 8 Seel| 3 3 “3 ee ee re hie 
3 Pa z EES = i] 2 ee eS ae ees 
Hla] s]8-)8)}/e is] sia ew Ae |e |S} sa;el/e/ea/s 
| | 
Gis N52 at aNO)|| Melee ences locke wc|tsecte|enn--|stocectrasses | 20.6 | 19.2 | 16.8 | 
45] 5.1) 4:3] 2 20.6 | 18.8 | 17.4 
40} 6. 5. 2. 19.3 | 16.4 | 12.3 
535] 6. 5. 3. .2 | 18 14.8 | 
abi tT ATi) (8 -3 | 19.0 | 16.7 
60) 7. 6. 5. .5 | 19. 16.6 
50] 8. 6. 4. -0 | 19. 18.7 
55 | 8. 6, 5. | 21.0} 19 17.9 
55 | 9. te 5. ~2| 18 15.0 
45] 9. 8. 4. .4 | 18. 16.5 
70) 9. Me 6. od | 19; 16.4 
Bil | bic (ace | 22.2 | 20.8 | 19.0 
90) 8: | 21.0 | 19.0 | 17.5 
8. 4. SONLSI0G he aanoe 
9. 6. -9 | 19. 15. 
9. 8. . 6 
7. .0 
9; 
7. 
4. 
8. 
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16.9 | 15.1 | 13.6 
16.7 | 13.7] 9.4 | 
16.9 | 14.5 |11.4| 5.7 
16.9 | 14.5!11.9] 7.8 
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8 | 18.2) 16.4 | 14, 
0 9.7] 3 
ny ) 10.7) 4. 
5 13.9 | 10. 
22 14.7 | 11. 
; 17.3 | 14. 
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TaBLE IIT.—Measurements of White Pine grown under similar conditions, grouped in age classes for averaging. 


(The groups of trees measured are sample trees recorded in Table VI.) 


| | | Ratio of / Accretion. 
Diameter jthelength | 
Tree , 7 of crown 
; ee > alta, | with bark Total | Factorof Volume | 
Group, location, and description of site. eel SES (breast | height. | shape. Kee of boles.| Current | Average 
re high). | of the _ annual. | annual. 
tree. | 
os: aol oa Wl a a as | = 
GROUP A. | | ] 
Massachusetts and New Hampshire. | | | 
| Yrs.| Inches. Feet. Cubic ft. Oubie ft. Oubie fr. 
White Pine mixed with hardwoods on a bill. Soil,| 21) 33 6.5 51.3 0. 57 | 0. 37 6.7 |..-.5..--- leaps 
brown or yellowish sandy loam, medium-sized grain, 33 42 8.6 65.3 51 | - 
light, loose, fresh, and well drained, with a leafy sur- 2 48 8.5 60.0 58 | 
face cover. ‘Trees, 400-500 to the acre. 19 39 9.2] 55.2 | -58 | 
3{ 48 | 9.2 62.5 57 
81 41 9.5 63.0 57 
27| 47 9.1 64.0 56 | 
25 47 10.0 yey 50) 
20 36 11.2 53.0 | 202 
32 44 10.3 70.0 | - 50 
1 55 13,0 71.5 | -50 
26 47 12.8 69.5 .22"} 
AVOTAZC. ...- 2 ccc cccccccceccccnne ences assess ecen|scseee 44 9.8 62.3 53 | “38° 
GROUP B. } 
| 
Massachusetts and New Hampshire. | | | 
White Pine ona level plain site. Soil,a brown oryel-| 28 41) 6.8 43.8 | 0.47 | 0. 42 5.6 |..secccees|cocsscsees 
low-brown loamy sand, underlaid by sand or sand with 29 41 Bal 51.8 51 251 8.0 
gravel in medium or sometimes coarse grain, shallow, 7 39 8.3 52.0 43 -40 8.8 
porous, light, moderately loose, fresh, and welldrained, 30 40 8.2 55.0 51 51 9.9 
with an abundant leafy surface cover. Trees,300-400 8 40 9.1 58.2 51 | 36 13.0 
to the acre. 6 49 9.5 63.7 51 43 16.3 
} 12 49 10.2 68.0 43 | 47 16.6 
ll 50 10.3 63.0 | -50 | . 46 19.0 
4 54 11.2 59.0 51 -30 19.7 
9 89 | 12.0 59.1 48 51 22.4 
10} 51) 12.5 69.9 | 252 41 31.3 
| 5 52 13.7 71.5 | ol -42 36.3 
re SO 
Average ....--.--2+ : ee eee eneey ae 45; 9.9 60.0 50 44 17.0 
Pennsylvania, | 
| | 
White Pine intermixed with hardwoods and occasional 3} 46 12.0 60.0 0.43 | 0. 62 20.2 | 
Hemlock. Soil, clayey loam, with yellow-brown shales 12 44 11.5 58.5 47 a 20.0 
in it, deep, fresh, and well drained. 2 44 12.5 55.0 4) 67 19.4 
8 47 11.0 59.0 48 Bt] 18.7 
16 47 11.5 56.0 45 50 | 18.3 
9) 45 11.0 58.5 49 52 | 17.9 
5| 47 10.5 60.0 45 43] 17.8 
6 47 10.0 59.0 51 46 16.4 
21 48 10.5 58.0 46 48 | 16.3 
19 47 11.0 55.0 42 49 15.4 z 
Average oo tea ee es aa 46 11.0 BG,0if) sab 152 18.0, 0.70) +039 
GROUP C. | 
Maine. | 
White Pine with scattering Hemlock, occasional Spruce 9 50 14.5 64 0.45 0.55 | 
and Fir, ona level plain site; scanty undergrowth of 4 59 13.3 60 | 44 -98 | 
Hazel and young Hemlock. Soil, gray sand, some- 8 55 12.8 61 45 - 38 
times brown or loamy, with 3 inches vegetable mold, 3 50 11.8 58 -52 41 
sey, fresh, leafy surface cover; clayey subsoil 16} 59 10.2 | 65 59 35 
probably 4 or 5 feet below surface. Density ofcrown | 12 50 11.0 62 -50 35 
cover, 0.7. Trees, 370 to the acre. | | 
Average: £15 co See eee ee Fees 5d 12.3 62 | 49 44 24.7| 0.04 | 0.46 
Pennsylvania. | | 
From a young White Pine grove mixed with mature | Tey | 64. 14.5 54 0.46 0.66 — 98.7 |. cesscascsleosenscann 
Spruce, Hemlock, and scattering hardwoods. Soil, 2 5 | : 4 |. 
fresh sand, well drained. 3 5 5 |. 
5 3: 
6 idl 
Jay bet 
8 1 
9 . 
Average ........ ts eseccercanecersesceswcosancecvus . 


GROUP D. 
Wisconsin. 


An open grove of hardwoods, in which White Pine is 
scattered in varying proportions, on broken land, with 
frequent swamps in the hollows; undergrowth, of 
young hardwoods, Fir, few Hemlock, and Hornbeam. 
Soil, light-brown sandy loam, medium fine grain, 
loose, deep, fresh, and well drained, with an abundant | 
leafy surface cover. | 


AW OFaNG< 3653 -Gen cp cite seu ate as Se ae 824 16.0 | 85 48 .40 58.91 2.16 0.71 
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TABLE IIT.— Measurements of White Pine grown under similar conditions, grouped in age classes for averaging—Continued. 


Group, location, and description of site. 


GROUP E. 


Maine. 


White Pine with scattering Red and White Oak, and | 


occasional Norway Pine, on a level; undergrowth, 
moderately dense, of small Hemlock and Beech, with 
numerous small Maple and Oak. Soil, gray or brown, 
fine, loamy sand, fresh, with 2 or 3 inches mold on 
top, and leafy surface cover; clay probably some feet 
below surface. Density of crown, 0.7. Trees, 126 to 
the acre. 


PANT BTOE Baie eee ieee seen aes eae a alana eee 


GROUP F. 


Maine. 


White Pine with scattering Red and White Oak, and | 


occasional Norway Pine, on a level; undergrowth, 

moderately dense, of small Hemlock and Beech, with 

numerous small Maple and Oak. Soil, gray or brown, 

fine, loamy sand, fresh, with 2 or 3 inches mold on top, 

and leafy surface cover; clay probably some feet below 

spate Density of crown cover, 0.7. Trees, 126 to 
e acre. 


Jo OMEY Sere ime ee sae Se Conon cic ae necodeseaes 


GROUP G. 
Michigan. 


Open grove on a level plain, along the banks of a river, 
of mixed Whité and Norway Pine, with scattering 
White Birch, and occasionally Oak, Hackmatack, an 
Banksian Pine; undergrowth scanty, of young Fir, 
Cedar (Thuja occidentalis), and few small Oaks. Soil, 
gray or light brown, sand,, medium fine-grained, 


orous, light, loose, dry (in places fresh), with a | 


leafy surface cover. 


GROUP H. 
Michigan. 


Open grove on a level plain, slong he banks of a river, 
of mixed White and Norway Pine, with scattering 
White Birch, and occasionally Oak, Hackmatack. 
and Banksian Pine; undergrowth scanty, of young 
Fir, Cedar (Thuja occidentalis), and a few small Oaks. 
Soil, gray or i ht brown, sandy, medium, fine- 


grained, porous, light, loose, dry (in places fresh), 


with a leafy surface cover. 


PASV ONE Greeters ato a alo ator Spats naaecteme cents | 


GROUP I. 
Michigan. 


Norway Pine (67 per cent), mixed with White Pine 


(32 per cent), and occasional Rock Sours a ona level | 


lain. Soil, yellow or gray sand, fresh, moderately 
oose. with a surface cover of brakes; subsoil, sandy. 
Density of crown cover, 0.7. Trees, 182 to the acre. 


ETON hee ebce See coe CEOS ODT CCH SEEae ities 


GROUP K. 
Wisconsin. 


An open grove of hardwoods, in which White Pine is 
scattered in varying proportions, on broken land, with 
frequent exreaps in the hollows; undergrowth, of 

oung hardwoods, Fir, few Hemlock, and Hornbeam. 

oil, light-brown sandy loam, medium fine grain, 
loose, deep, fresh, and well drained, with an abundant 
leafy surface cover. 


JER OES) nist peso er be 9c SSB O DO Ja PREroo ase Saner 


Tree . 
num-| Age. 
ber. 

| 

| ¥rs 

7 98 

12 92 

13} 98 

17 92 

18; 92 

23 97 

21 97 

16 90 

9} 102 

20 100 

anode 96 
| 

4 101 

8 98 

22 98 

10 89 

144/ 93 

28 | 93 

19| 89 

15 99 

11 89 

ncReeS 95 
| 

1 | 100 

24 96 

18 82 

9 99 

Pasa 94 

5 109 

23 | 112 

22 109 

15) 106 

7 110 

6 109 

20} 112 

4; 112 

19 108 

21 109 

rae 1094 

1} 123 

22 101 

48 105 

47 104 

=s-55- | 108 

14} 121 

28) 125 

15 125 

16 125 

7 119 

scree 123 


| | | Ratic of Accretion, 
Diameter psa = 
with bark) Total | Factor of | (i0¥0| Volume 
(breast | height. shape. tal heicht of boles. Current Average 
high). \ of the | annual. annual. 
| tree. 
| | 
| | 
.| Inches. Feet. | Cubic ft. Cubic ft. | Cubic ft. 
| 28.0 100 0.41 0. 60 175.3 
28.0 103 .36 61 161.0 - 
25.0 92 246 48} 140.3 
25.5 91 42 56| 136.3]. 
i 25.0 88 44 46 131.7 |- 
22.0 98 46 | 49 119.4}. 
20.6 102 35 45 118.1 
22.5 91 46 52 115.1 |. 
20.0 100 47 43 104.0 
20.3 103 41 40 98.8 
23.7 97 42 50 130.0 
| 
20.5 95 0.43} 0.40 
19.5 99 43 33 
19.0 96 45 | .35 
16.8 99 46 | ~40 
18.5 92 .41 252 
18.5 80 48 41 
18.7 79 45 .48 
Ao 7 49 246 
17.2 89 43 .38 
18.5 | 91 .45 | 41 
| | 
13.5 94 0.44 0.57 
14.4 90 | 47 (2) 
16.5 94 147 .53 
20.0 100 | 41] 46 | 
| 
16.0 943 45 51 61.5 2.13 0. 65 
| 
| 
13.0 | 943 . 52 | 0.51 ADT. leeaters ace n| anes 
14.0 | 96 47 | 47] 50.2 |. 
14.8 | 93 45 | 47 51.4 
15.3 | 85 147 | .37 53.3 |. 
16.5 | 104 41 = 30 64.3. 
17.0 | 101 42 | .59 67.6 |. 
17.0 | 100 45] (2) 72.4 |. 
18.3 | 103 .44 56 85.3 |. 
20.5 105 41 49 99.1 |. 
20.8 105 .39 | 42 99.8 
16.7 984 44 46| 68.9 
| | 
20.0 102 0. 40 0.54 89.7 
20.8 90 42 51 92.7 
20.5 99 .42 44 96.7 
22.7 94 239 59 103.0 
21.0 96 | -41 51 95.5 1.81 0. 89 
| | | 
20.2 | 91 | 0.45} 0.50 
24.5 89 .45 | 58 
26.5 96 39 46 
26.3 105 47 | 53 
29, 0 97 | 42 | 57 
|_ 
25.3 95 | 44 53| 145.5 2,92 1.19 
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TABLE III.— Measurements of White Pine grown under similar conditions, grouped in age classes for averaging—Continued, 


| 


| Ratio of Accretion. 
. | thelength 
Diameter! 
Tree : of crown 
. nate inti ; } with bark Total Factorof Volume 
Group, location, and description of site. eon: Age. (breast | height. | shape. othe to, ‘of Boles! Gisranteecerara 
high). of tite annual. | annual. 
| tree, 
—— — 
CROUP L. | : 
Michigan. | 
Irs.| Inches. Feet. | Cuvic ft. | Cubic ft. | Oubie ft. 
White Pine (70 percent) intermixed with Norway Pine | 34, 140 19.5 124 0.42 0,34 109. 8 j....... wos|eoccene ees 
(14 per cent) and Hemlock (15 percent), with scatterin 9) 136 19.7 14 49 31 115.1 |. 
Cedar (Thuja occidentalis) and Rock Maple, an 83 | 135 20.0 115 48 82 221. 5.5. 
occasional ch and White Birch, on a level plain; 37134 22.0 113 Br) a 7i 123, 5 |. 
undergrowth, dense, of Rie Fir. Soil, gray sand, 36 «136 22.5 123 39 380 130.1}... 
fresh and deep, light and loose, with a surface cover 35 135 21.7 122 Ad 82 136.4 |... 
of scanty leaves; subsoil, sandy loam, underlaid by 2) 138 22.8 119 40 30 188.5 |... 
clay. Density of crown, 0.8. Trees, 156to the acre. 22) 133 23.2 | 116 -42 - 38 141.1 }.-- 
4) 130 24.0) 106 43 40 143.5 |. 
3) 135 24.0 | 108 42 -35 nO fd 
1) 138 23.5 113 AB +26 146.5 
16) 139 25.0 122 | odd 50 187.3 
Pen Oe Mae, a eee ea eA Pee | 136 22.3| 116 42 34| 136.0 
GROUP M. | 
Michigan. 
A two-roof grove, upper roof formed of White Pine, 32 | 133 15.2 
under roof of Beech, Maple, Fir, and occasionally 87 | 141 15.5 
White Birch and Hemlock ; ape gta moderately 12| 132 16.3 
dense, of young hardwoods and Fir. Soil, brown 40) 145 18.6 
loamy sand, fresh, moderately loose, with a surface 25 | 128 20.5 
cover of brakes and grass; subsoil, sand with stones. H | ed a 
26) 148 23.0 | 
31) 153 23.0 
11} 136 24.6 
| 
ASBTERG boone osname nees was acena se aoa enee acorns ese 140 19.8 
GROUP N. | 
Michigan. | ‘ | 
Norway Pine (67 per cent) mixed with White Pine 5| 149 20.2 105 0. 39 | 0.50 
(32 per cent), and occasional Rock Maple, on a level 6} 135 21.1 1l4 .39 .57 
lain. Soil, yellow or gray sand, fresh, moderately 35 (185 22.0 121 40 43 
oose, With a surface cover of brakes; subsoil, sandy. 
Density of crown cover, 0.7. Trees, 182 to the acre. | : 
A VOTE ZO. ccc cn nen cceccncecncnraascnececcensesnnccnn's | anaene 140 21.0 | 113 39 . 50 Wi21 2. 08 0.80 
| 
GROUP 0. } | 
Michigan. | | | : 
White Pine (70 per cent) intermixed with Norway Pine 27) 142 23,0 | 117 | 0.41 0, 30 138.9 
(14 per cent) and Hemlock (15 per cent), with scatter- 26) 142 24.0 110 | 41 . 39 140. 6 |. 
ing Cedar (Thuja occidentalis) and Rock Maple, and 11} 142 23.5 14 | 43 36 148. 0 |. 
occasional Beech and White Birch, on a level plain; 20| 142 22.0 119 | 49 26 157.3]. 
undergrowth dense, of young Fir. Soil, gray sand, 30 «143 24,2 116 | 45 - 38 164.3 
fresh and deep, light and loose, with a surface cover 24 | 149 25. 0 118 46 34 168.8 
of scanty leaves; subsoil, sandy loam, underlaid by 5 | 148 26.3 115 46 39 205.4 |. 
clay. Density of crown cover, 0.8. Trees, 156 to the 
acre, | / 
AVEOLAZO. cnn oo nanan ccc cn nn ences nnn nnn cccecenranes|encces | 1424] 24.0) 115 | dt od 160.5 2. 20 1.10 
| | 
GROUP P. | | | 
Wisconsin. | | 
White Pine mixed more or less with Yellow Bireh,| 3) 160| 23.5 104 0.40 0.40 127 |. 
Rock Maple, Norway Pine, and occasional Bass, Pop- 4) 170) 24.0 119 46 41 172 
lar, and Elm, on uneven land, fai of drift ridges and 5| 178 24,2 lid .48 38 176 |. 
hollows, frequently full of water. Soil, a mixture 6) 170 25.7 | 111 45 41 181 |. 
of loam, sand, and stones, with 2 to 3 inches black 7| 175) 27.3 | 122 43 46 217 |. 
mold on top, and fairly covered with leaves. 8 168 80.5 114 -44 42 256 |. 
15 | 185 | 28.2 | 110 42] ~ 34 138 |. 
9} 173} 26.0 112 465 28 190 
Average £-<i02titceds ote 7s eecct test ae ee ee 172 | 25.5 13 M4 39 182 
| 
GROUP Q. | | 
Michigan. 
| 
Norway Pine intermixed with White Pine in yaryin 34 | 182 25.2 118 | 0. 43 0. 53 173.0 
proportions, on rolling land, with open places of Re 18 | 188 26.7 | 118 45 -59 202.1 
Oak, Maple, and Beech; no undergrowth. Soil, 5) 186 31.0 119 45 -40 286.6 |... .2.cce|ecossccces 
light-brown sand (slightly loamy), very deep, me- | 
dinm fine, light, loose, dry, and well drained, with a | | 
moderately leafy surface cover. 
Bsmt ities eesti tae ee [laa ae ne! aa | a) aoe) aaa 


TABLES OF MEASUREMENTS. 91 


TABLE III.— Measurements of White Pine grown under similar conditions, grouped in age classes for averaging—C ontinued. 


| Ratio of } Aceretion. 
Diameter the length 
Tree ty | » of crown 
= oe Paes ae eg, With bark) Total | Factor of Volume | 
Group, location, and description of site. pa Age. (breast | height. | shape. ee ee of boles: | Current | Average 
| high). of ties | annual. | annual. 
| tree. 
ss | = = 
GROUP R. | | 
eck: WAS CC is | Xve.| Inches. | Feet. Cubic ft.| Cubic ft. | Cubic ft. 
White Pine intermixed with Yellow Birch, Rock Maple, 1| 204 27.3 123 0.44 0, 59 219 | 
Bass, and Norway Pine, on ridge land, with hollows 2} 210 25. 2 137 48 AO OT ame 
sometimes full of water, more often open grassy 8 | 207 31.0 127 87 | 35 246 |.. 
swamps, with Alder and Hackmatack, fringed by 4} 200 29.5 116 - 43 | 51 239 |. 
pine. Soil, red clayey loam, mixed with sand and 5 | 206 29. 2 130 46) 29 282 |. 
stones of all sizes, moist; subsoil, sometimes of clay, 6 205 30.0 133 43 52 | 284 |. 
sometimes of sand. 7 | 210 34.0 118 . 39 37 | 292 
8 | 214 36.0 113 39 . 38 312 
9} 210 39.0 130 .38 49 | 415 
Tischioy er lcag Bas SS on le ee ara nD ee | 207; 31.2 125 42 | B 279 | 
GROUP Ss. | | | 
Wisconsin. NC aout 
White Pine intermixed with Yellow Birch, Rock Maple, 10)|| 211 Br 116 0.51 | 0. 64 132 |. 
Bass, and Norway Pine, on ridge land, with hollows 11] 228 no 113 43 | 42 148 
sometimes full of water, more often open grassy 12 | 220 8 121 45 45 153 
swamps, with Alder and Hackmatack, fringed by pine. 13 | 207 2 107 46 | 28 200 
Soil, red clayey Joam, mixed with sand and stones of 14 | 204 27.0 121 42 | 43 204 
all sizes, moist; subsoil, sometimes of clay, sometimes 15} 205 27.0 122 43 25 210 
of sand. 16 | 212 27.8 104 41 ol 180 
17| 204 27.3 112 41 41 186 
Average ......-:---- Noa ate eon See eee oes [oan | 211 25.4 114 44 42 176.5 
| | 
GROUP T. | 
Wisconsin. | | 
i " 4 A f | 
White Pine mixed with hardwoods, on drift and some- 1} 204 24.7 102 0.49 0. 45 | 166 
what uneven land; undergrowth, of young hardwoods 2) || 221 27.0 113 41 | +8 183 
and Fir. Soil, clayey, underlaid by a hardpan of clay 3} 213 27.0 121 390 37 191 
and stones, fresh with 4-inch mold on top. 4] 214 26.0 126 3 41 201 
5 | .216 26.8 126 42 40 210 
6] 202 24.0 134 44 42 187 
ih} 1204 29.0 132 39 | 37 238 
8] 212 29 0 133 41 | 39 250 
9} 213 30. 0 133 44 42 291 
JXSTGI SGI nba remem Saases boCOtee Bae see osebesr cheer ec coesee 211 27.0 124 42 | 44 213 
GROUP U, | 
Wisconsin. | 
White Pine mixed more or less with Yellow Birch, 10 | 216 31.8 121 0.43 
Rock Maple, Norway Pine, and occasional Bass, Pop- 11} 222 35.0 123 «42 
lar, and Elm, on uneven land, full of drift ridges 12} 228 24.8 116 41 
and hollows, frequently full of water. Soil, a mix- 13 | 220 24.0 100 49 
ture of loam, sand, and stones, with 2 to 3 inches black 16} 220 24.5 107 245 
mold on top, and fairly covered with leaves. 17 | 218 | 29.0 118 44 
PAST EYAL © rwesatein ex cieate pains ie nen alae mcnl= nailer al = mim alte 221 28, 2 di4 odd 39 224 1.57 1, 01 
| | ; 
GROUP V. 1 
Michigan. | | | 
A two-roof grove, upper roof formed of White Pine, 41 | 245 20.0 120 0, 43 0.46 
under roof of Beech, Maple, Fir, and occasionally 8} 242 24.5 137 .42 41 
White Birch and Hemlock; undergrowth, moderately 30 | 226 27.5 138 38 (?) 
dense, of young hardwoods and Fir. | Soil, brown Vy} 221 27.5 129 41 38 
loamy sand, fresh, moderately loose, with a surface 28 | 220 28.3 143 42 60 
cover of brakes and grass; subsoil, sand with stones. 34 | 250 30.2 141 42 31 
10 | 219 33.0 121 44 | 43 
33 | 226 | 33.0 140 -38 | 49 
39 | 237 | 33.0 144 45 77 
29 | 233 37.0 147 41 55 
3 245 40.0 125 43 40 
ENQUIRE obese oer Seo Sanne S eee ass | Leases 233, 30. 3 135 41 48 
GROUP W. 
Michigan, | | | 
A two-roof grove, upper roof formed by White Pine (80 3.2 137 0.43 0 
es cent) and Norway Pine (20 per cent), under roof of 8 142 44 PEE 
ne, tall Hemlock; undergrowth, of young Hemlock, a) 142 43 Hat 
Beech, and Dwarf Maple. Soil, brown loamy sand, Bb) 140 | 46 6 
deep, fine (for sand), porous, loose, and well drained 5 145 | 43 4 
(water stands in low ground), with a moderately leaty -0| 120 | 43 5.8 
surface cover; subsoil, same as soil. 5 145 | 48 .0 
5 143 | . 42 .6 
aoa 145 | 44 Bile 
0 | 143 | 43 fal 
0} 122 3 ri 
2 145 | ee .2 
0 150 | 45 .5 |. 
0 140 | 43 Se 
0 130 42 1 
0 144 43 6 


i 
nat 
19 
oC) 
= 
- 


AVETAZO. .c0scccncccccncarcnccccess Sestelealaitia cisatte looses 26.5 | 140 | - 43 | 
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THE WHITE PINE. 


TABLE II1.—Measurements of White Pine grown under similar conditions, grouped in age classes for averaging—Continued. 


Group, location, and description of site. 


GROUP X. 
Michigan. 


A two-roof grove, upper roof formed of White Pine, un- 
der roof of Beech, Maple, Fir, and occasionally White 
Birch and Hemlock; undergrowth, moderately dense, 
of young hardwoodsand Fir. Soil, brown loamy sand, 
fresh, moderately loose, with a surface cover of brakes 
and grass; subsoil, sand with stones. 


Average 


GROUP Y. 
Michigan. 


Moderately dense grove of White Pine intermixed with 
hardwoods and Hemlock, with occasional Norway 
Pine, on a level plain; undergrowth, of young Hem- 
lock and hardwoods. Soil, brown loamy sand, me- 
dium fine grain, light, loose, very deep, fresh, well 
drained, with a moderately leafy surface coyer. 


GROUP Z. 
Pennsylvania. 


Hemlock mixed with White Pine, with scattering hard- 
woods; undergrowth, moderately dense, of young 
hardwoods and Hemlock. Soil, yellow clay loam of 
a medium grain, deep, fresh, well drained, with 2 to 
3 inches mold on top,and a surface cover of scanty 
leaves, Fern and Teaberries. 


| Tree 
num- Age. 
| ber. | 
| Yrs 
| 14] 258 
| 7] 252 
| 88| 252 
23 | 265 
| 13] 258 
| 86) 256 
4) 260 
42) 260 
16 | 251 
2) 256 
35 | 265 
6G) 266 
15 | 250 
5 | £58 
17 | 260 
Sea es) 
5 | 417 
1] 445 
4| 455 
| 9] 426 
8) 460 
7 | 457 
3| 461 
6| 435 
10 | 458 
ae 446 
| 
| a] 260 
2) 260 
3] 259 
4] 241] 
10 | 244 
12| 262 
18 | 265 
19 | 250 
20 | 266 
21| 245 
23 | 248 
83 | 259 
34 | 262 
35. | 263 
36} 241 
87 | 261 
Se: | 255 


Diameter 
with bark 
(breast 
high). 


Total 
height. 


shape. 


Factor of 


Ratio of 
thelength 
of crown 
‘to the to- 
tal height 

of the 
tree. 


0.40 0.43 
43 -42 
46 44 

| 41 5 
42 34 
+43 43 | 
40 42 
pr YY 48 
42 . 30 
40 37 
42 oT 
40 31 

42 -38 
36 -43 
42 34 
odd 21 
41 89 


Volume 


of boles. 


Accretion, 


Current | Average 
annual. | annual, 


Cubic ft. | Cubic ft, 


TaBLe 1V.—Dimensions, volume, and rate of growth, by decades, based upon analyses of trees in Tables III and VI, 


TABLES OF MEASUREMENTS. 


(A) OLD-GROWTH PINE. 


(1) DOMINANT TREES, 


Average throughout the range. | 


(224 trees.) 


Diameter Relative per cent of total Periodic roti 
ee at Releht He volame volume. Hy os Sted aveeee | Goxeent 
8° \(avithout| of tree. | (Without | “reart. ceretion. accretio 
( ark) ree. |“ vark). | <yooq. |Sapwood.| Bark. | Decade. | Height. | Volume. aap tar clo) 
f 
Years.| Inches. Feet. | Cubic ft.| Per cent.| Per cent.) Per cent. Feet Cubic ft. | Cubic ft. Cubic ft. 
.9 71.7 reel ae ere! [nhs “e 1 17 Q) (2) (2) 
oe 21.0 | 0. - 2 13.3 (2) 0.02 | (?) 
8 33.7 | 2. 3 12.7 RY ( 07 0.17 
ai] 46.0 5. 4 12.3 3.4 -13 34 
By 56.7 0. 5 10.7 5.2 «22 +52 
.5 66, 3 hs 6 9.7 Tai 31 mY hel 
ri 74.7 7 8.3 9.5 - 40 95 
. 8 82.0 8 7.3 10.8 49 1. 
3 89.0 9 7.0 12.1 | . 56 1. 
Ar’ 91.3 10 5.7 15.1 66 1. 
Bt!) 99.0 11 4.3 16.7 13 | 1. 
56 | 1037 12 ae aCe || ral] Fe 
2. 2 107.7 13 4.0 18.2 | 291 ue 
37 | 113 14 3.7 18.8 | -98 | 1. 
. 0 114.4 15 3.0 18.4 1.04 1. 
aie 117.3 16 3.0 19.6 1.09 1. 
at) 120.7 17 3.3 19.3 1.14 1. 
8. 7, 123.7 18 3.0 20. 2 1.19 2. 
. 8 126.3 19 2.7 ue 123) | 18 
-0 129.0 20 | 2.7. 20.0 1.27 Zs 
Efi 134.5 | 21 3.0 | 20.6 1.25 2s 
6 137.5 22 3.0 | 21.5 1.30 2. 
0 | 140.5 | 93.°\|) 1 1350 21.6 | 1.34 2. 
i } - | | 
16 
t 
ak Average annual accretion 
Current » ogee sees 
t 
12 E 
il t 
a BEI i 
S70 
8 C 
~ 
S28 2 - 
S t a E 
4 4 c 
G6 : : . 
e Sraniiiiiaa 
G st : a 
xe Z Bgeee 4 SeeeeSU EEE EEE 
T iH Tt t } 1 t oo a re 
eee HEE ENS 
Hesinititieits cnttte : 
Tt mp feged ganseen! T ro aa 
By adassses peeevuaitaaazsseeeeeeeiaadaseeeeeeienaatt | 
a { tr t Bal 
eH SERRE EEE EEE 
qua ttt is HH rot at 
Perey HA cone Poo EE SSSSTGRPSRSRAREO EB quae 
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720 
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Fic. 19.—Diagram showing rate of height growth of dominant trees. 
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94 THE WHITE PINE. 


Tabie IV.—Dimensions, volume, and rate of growth, by decades, etc.—Continued, 
(A) OLD-GROWTH PINE—Continued. 
(2) CODOMINANT TREES. 


{Average throughout the range.] 


F, (106 trees.) 
j a } 
ie Diameter s | Relative per cent of total Perlodio acanstl 
Volume voluiie: eriodic accretion. : i 
Age. lofzpfect| height | of, stem — seated Cantal 
** | (without of tree. | (Without) Heart. | accretion. accretion 
bark) ‘| bark). | Wood, |Sapweod. Bark. | Decade. | Height. | Volume. | 4 a i 
| | } 
rears. Inches. | Feet. | Cubic ft. | Per cent. Per cent. | Per cent. Feet. Cubic ft. | Cubic ft. Cubic ft. 
10 0.8 6.0 ( | 1 6.0 (}) qd | (a0) 
2.3 5. 2 10.0 (D 0.02 | (2) 

4.0 3 12.0 1.2 05 0.12 

5.8 < 9.5 2.9 pun +29 

7.5 5 9.5 3.3 15 33 

9.0 6 9.0 3.6 .19 - 36 

10.5 | 7 7.5 6.1 ot - 61 

11.9 8 7.5 7.5 31 +75 

13.3 9 7.5 9.5 38 95 

ci | 10 5.5 10.2 45 1,02 

16.0 | 11 5.0 11.0 “50 1.10 

17.3 12 5.0 12.0 | . 56 1.20 

18.6 | 13 4.5 11.2 | . 61 1.12 

19.8 | Mi 4.0 12.9 | . 66 1.29 

20.8 | 15 4.0 12.5 . 69 1.25 

22.0 16 4.0 12.0 -72 1, 20 

23.0 17 3.0 11.8 75 1,18 

23.8 15 3.5 13.9 72 1.39 

24.7 19 2.5 13.7 75 1.37 

25.6 20 2.5 9.8 . 76 - 98 

26.3 21 2.5 12.8 79 1. 28 

27.0 22 2.5 13.8 81 1.38 

27.7 23 2.5 15.7 84 1.57 

| 


o 20 @ 60 80 {a0 Jel da) den) (ence 
AGE 


Fig. 20.—Diagram showing rate of height growth of codominant trees. 


TABLES OF MEASUREMENTS. 


TaBLE IV.—Dimensions, volume, and rate of growth, by decades, etc.—Continued. 
(A) OLD-GROWTH PINE—Continued. 
(3) OPPRESSED TREES. 
[Average throughout the range. } 


(104 trees.) 


i Relative percent of total Aap m | 
er I >, * acere ! 

aiholone Total Nelane volume. | eel Reema n | Average Current 
Age, [of aifect| Height | ritueut | oar Amal See acc ee ae 
( bark). © | bark). aati Sapwood. Bark. | Decade. | Height. | Volume. * SU RCORe EOL, 

| | | | | 
Years.| Inches. Feet. | Cubic ft. | Per cent.| Per cent.| Per cent. Feet. | Cubic ft. | Cubic ft. Cubic ft. 
10 0.9 4.0 () | 4.0 (2?) (2) (?) 

0 11.0 0.4 2 TO" (2) 0. 02 (?) | 
7 18.0 0.7 3 7.0 | 0.4 - 02 0.04 | 

Ar 26.0 17 4 8.0 1.0 04 .10 

haf 34.5 3.6 5 8.5 | 1.9 . 07 .19 

20 43.5 6.5 6 9.0 | 2.9 epi 29 

BP} 51.5 10.3 Ty ail 8.0 3.8 15 . 38 

. 6 59.5 15.1 ny | 8.0 4.8 19 48 

9 66.5 26.5 9 7.0 6.5 «24 65 

3 73.0 29.0 10 6.5 7.5 | “20 | 7 

bel 79.0 37.5 11 6.0 8.5 | . 35 85 

a9 84.5 | 46.8 2 5.5 9.3 | 39 «93 

vd 89.0 | 57.0 13 4.5 10.3 44 | 1.08 

a) 93.5 68.5 14 4.5 1.5 | 49 1.15 

3 97.0 79.5 15 3.5 11.0 | 54 1,10 

. 3 100.5 90.8 16 3.5 11.3 | oT 1.13 

“2 103.5 102.3 17 3.0 11.5 - 60 1.15 

ae 106.5 114.0 18 3.0 11.8 | . 64 1.18 

2 109. 0 125. 0 19 25 11.0 - 66 1.10 

3.9 111.5 136.0 | 60 28 12 20 2.5 11.0 - 68 1.10 


Average annual accretion 
Current » 


120 180 200 


AGE 


Fig. 21.—Diagram showing rate of height growth of oppressed trees. 
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Fic. 22.—Diagram showing height growth of dominant, codominant, and oppressed trees throughont range. 


TABLES OF MEASUREMENTS. 
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Fig. 23.—Diagram showing volume growth of dominant, codominant, and oppressed trees throughout range. 


20253—No, 22 


97 


98 THE WHITE PINE. 


TABLE IV.—Dimensions, volume, and rate of growth, by decades, ete.—Continued. 


(A) OLD-GROWTH PINE—Continued. 
(4) DOMINANT TREES. 


{Average in Wisconsin.]} 


(68 trees.) 
| . | 
i | Relative per cent of total Fee A 
aout Total thea | volume. Pere REeer ae | Average | Current 
Age. | of 24 feet height (eithout ears —_— annual annual 
(without of tree. eart- | c, ; at , aceretion. accretion, | 
park). | bark). seaail Sapwood. Bark Decade. Height. Volume | | 
a | | \ 

Years. Inches. Feet. Cubic st. Per cent. Per cent.| Per cent. | Feet. Cubic ft.| Cubic ft. | Cubie st. 
10 1.0 | 9 () 1 9 (2) (4) @) 
20 | 29 | 22 0.5 2 e A ae () 
80 | 3.8 34 1.9 2 . e 
40 5.3 | 46 3.5 4 12 1.6 02 
50 6.6 | 57 7.6 o 11 4.1 15 
60 | 8.0 66 13.2 6 9 5.6 i) 

70 | 18:8 | 74 21.0 7 8 7.8 a) 
80 11.0 | 80 30.0 8 6 9.0 . 38 
90 13.0 | 86 41.5 9 6 11.5 46 
Fe} 91 58.0 10 5 16.5 58 
4 95 78.0 ll 4 20,0 Aryl 
.6 | 100 100.5 12 5 22.5 84 
8 | 104 124.0 13 4 23.5 95 
0 108 147.5 14 4 23.5 | 1.05 
Bi lll 169.0 15 8 21.5 1.13 
4 1l4 190.5 16 3 21.5 1.19 
0 7 212.5 17 3 22.0 1,25 
. 5 120 234.5 18 3 22.0 1,30 
0 122 256.0 19 2 21.5 1.35 
3 124 277.0 20 2 21.0 1.38 


(5) OPPRESSED TREES. 


[Average in Wisconsin.] 
(55 trees.) 


1.0 4 (@) 1 AO (3) () () 
2.2 10 0.4 2 Galena 0.02 (2) 
4.0 16 aT 3 § 0.3 02 0. 03 
5.4 24 1.6 4 8 9 . 04 . 09 
6.8 82 | 3.2 5 8 1.6 . 06 16 
8.0 40 6.0 6 8 2.8 10 28 
9.2 | 47 9.5 7 7 3.5 13 35, 
10.6 | 55. | 19.5 8 | 8 4.0 17 40 | 
12.0 62 20.0 9 | 7 6.5 22 -65 | 
13.4 69 28.0 10 7 8.0 28 . 80 
14.7 75 28.0 11 6 10.0 35 1.00 
16.0 81 48.5 12 6 10.5 40 1.05 
17.2 86 60.0 13 5 11.5 46 1.15 
18.3 90 73.0 14 4 13.0 52 1.30 
19.5 | 94 85. 0 15 4 12.0 57 1.20 
20.6 98 97.5 16 4 12.5 .61 1.25 
21.6 101 109.5 17 3 12.0 . 64 1.20 
22.7 104 122.0 18 3 12.5 . 68 1,25 
23.7 107 | 134.0 | 19 3 12.0 70 1.20 
24.6 110 146.0 20 3 12.0 73 . 20 
| 
(6) DOMINANT TREES. 
[Average in Michigan.] 
(75 trees.) 
0.8 | 7 1 7 (”) (2) () 
556\-4 20 2 13 ) 0. 02 (?) 
5.2 32 3 12 1.5 07 0.15 
74 43 4 il 3.5 16 35 
9.4 | 53 5 10 5.0 21 50 
60 11.3 63 6 10 7.1 29 71 
70 13.1 72 7 9 9.4 39 94 
80 14.8 80 | 8 8 11.2 48 1.12 
90 16.4 88 9 8 13.4 | 287 1.34 
100 17.9 4 10 6 13.9 6 | 1.39 
110 19.3 98 ll 4 13.9 72 1,39 
120 20.6 103 12 5 14.2 | af 1.42 
8 107 13 4 14.4 | 83 1.44 
0 110 14 3 15.5 | 88 1,55 
0 113 15 3 16.5 93 1.65 
i 116 16 3 18.5 99 1.85 
OL 120 17 4 16.5 1,03 1,65 
.0 123 18 3 17.5 1,07 1.75 
9 126 19 Biull” eli 1.10 1.75 
i 129 20 3 16.5 1.13 1.65 
5 132 | 21 Bi] 17.5 1.16 1,75 
V3 135 99 eG 1.19 1.75 
31.0 138 | 23 | 3 17.5 121 | 1.76 
| Se Th ae | 


TABLES OF MEASUREMENTS. 


TaBLe LV.—Dimensions, volume, and rate of growth, by decades, ete.—Continued, 


(A) OLD-GROWTH PINE—Continuea. 
(7) CODOMINANT TREES. 
[Average in Michigan. | 


(28 trees.) 
Diameter Relative per cent of total Partodicanaratl 
jatheight| Total eed volume. mua sotre aa Average | Current | 
Age. |of 24 feet| height (without = | annua annual | 
ne of tree. | ° park). Be Sapwood. | Bark. | Decade. | Height. Volume. jaceretion.jaccretion. 
| | | 
Years., Inches. Feet. | Cubic ft. | Per cent.| Per cent. | Per cent. | Feet. | Cubieft.| Cubic ft.| Cubic st. | 
Ww 0.7 Me |) CAR f-2aemn =<] enn snmeiene \easaeosce 1 | 7 (2) (?) (?) 
20 2.2 16 0.4 | 2 9 () 0. 02 (?) 
30 4.0 29 | 3 13 0.9 04 0,09 
40 5.7 37 | 4 8 2.7 +10 27 
50 7.3 47 5 10 | 3.6 -15 . 36 
60 8.8 57 6 10 | 3.9 19 39 
Th 10,1 65 if 8 6.5 26 65 
80 11.7 74 8 9 8.4 33 84 
90 13. 2 83 9 9 | 11.6 42 1.16 
100 14.6 89 | 10 6 12.0 +50 1.20 
110 15.9 94 11 5 13.0 57 1.30 
120 17.2 99 | 12 5 14.0 64 1.40 
130 18.5 104 13 5 15.0 71 1.50 
140 19,8 108 | 14 4 14.0 7 1.40 
150 20.9 112 15 4 13.0 79 1.30 
160 22.1 116 16 4 11.0 81 1.10 
170 23. 2 119 17 3 10.0 | 82 1.00 
180 24.1 123 18 4 
190 25.1 126 19 3 
200 26.0 129 (?) 20 3 
210 26.7 132 (2) | 21 3 
220 27.4 135 (2) 63 24 | 13 22 3 
230 28. 0 138 () | 23 3 
(8) OPPRESSED TREES. 
{Average in Michigan.] 
(36 trees.) 
0.7 4 @) 1 4 @) 
1.8 12 0.3 2 8 (2) 
3.3 20 nfl 3 8 0.4 
5.0 28 1.8 4 8 1.1 
6.6 37 4.0 5 9 2.2 5 
8.0 47 7.0 6 10 3.0 «12 
9.2 56 11.0 7 9 4.0 . 
10.5 64 16.6 8 8 5.6 5 
11.8 71 23.0 9 7 6.4 s 
13.2 77 30, 0 10 6 7.0 2 C 
14.6 83 37.0 11 6 7.0 : 3 
15.8 88 45.0 12 5 8.0 : : 
17.0 92 54.0 13 4 9.0 . a 
18.0 7 64.0 14 5 10.0 46 : 
19.0 100 74.0 15 3 10.0 50 1.00 
20.0 103 84.0 16 3 10.0 52 1. 00 
20.8 106 95. 0 17 3 11.0 56 1.10 
21.6 109 106. 0 18 3 11.0 60 1.10 
22.4 111 116.0 19 2 10.0 - 61 1.00 
23. 2 113 126.0 20 2 10.0 - 63 1.00 
23.8 115 137.0 21 2 11.0 . 65 1.10 
24.4 117 147.0 22 2 10.0 67 1.00 
24.9 119 157.0 23 2 10.0 - 68 1.00 
| | 
(9) DOMINANT TREES. 
[Average in Pennsylvania.] 
(81 trees.) 
10 1.0 7 | () 1 i (?) (2) (2) 
20 2.8 21 0.5 2 14 (?) 0. 02 (?) 
30 5.5 35 | 2.6 3 1k 21 -09 0.2 
40 8.0 49 | 7.8 4 14 5.2 .20 ot 
50 10, 2 60 | 14.4 5 ll 6.6 29 4 
60 12.2 70 | 24.9 6 10) 10.5 41 a 
70 14.0 78 36.1 % 8 11.2 .02 i 
80 15. 6 86 48.3 8 8 1222 - 60 1. 22 
90 17.1 93 59.6 9 7 11.3 . 66 ab } 
100 18.6 99 | 74.6 10 6 15.0 | -75 us 
110 | 20.0 104 | 90.7 11 5 16.1 . 82 ub 
120 21.5 108 | 106.9 12 4 16.2 .89 1. 
130 | 22.9 112 123.6 13 4 16.7 95 1. 
140 | 24.1 116 | 140.9 14 4 23 1.00 ri 
hy 119 | 158.2 15 3 17.3 1. 06 ale | 
4 122 | 176.9 16 3 18.7 1.10 1.87 | 
-5 125 196. 2 17 3 19.3 | 1.15 ie 
6 128 217.4 18 3 21.2 1,21 2. 
. 6 131 238. 0 19 3 20.6 1.25 2. 
.8 134 260.5 20 3 22.5. | 1.30 2. 
9 137 | 284.2 2 3 23.7 1.35 2. 
0 140 309.7 22 3 25.5 1.41 2. 
0 143 | 335.4 23 3 25.7 1.46 2. 


| 


100 THE WHITE PINE. 


TABLE 1V.—Dimensions, volume, and rate of growth, by decades, ete.—Continued, 
(A) OLD-GROWTH PINE—Continued. 
— 


(10) CODOMINANT TREES. 
{Average in Pennsylvania. } 


(78 trees.) 
| . 
Diameter| \ | Relative per cent of total > : 
at height! Total Name volume. Banus saarerion: Average Current 
Age. of 2k feet) height (without - _ i annu annual 
) i il of tree. |" park). | il Sapwood. Bark. | Decade. | Height. Volume. accretion./accretion. 
| ; 
Years.| Inches. | Feet. Cubic ft.| Per cent. Per cent. Per cent. | | Feet. | Cubic ft. Cubie ft. Cubic ft. 
10 | 0.9 | 5 () Bal 5 (1) (@) (h) 
| 40] | ial: a. |. Veaa |) ew] OR eo are 
boll: eat] otha he eae |: B |! eceal| -aco | eed 
‘ . le i. . . 
| 60 9.3 56 pb 6 8 | 3.3 18 - 33 
| 70 10.8 63 16.7 |. ay 7 5.6 4 56 
80 12.0 69 23.3 | 8 | 6 6.6 +29 . 66 
90 13.4 75 30.7 9 6 7.4 .B4 74 
100 14.7 80 39.0 |. 10 5 8.3 -39 - 83 
110 16.0 85 47.9 |. 11 5 8.9 43 9 
120 17.3 90 57.9 |. 12 5 10.0 
130 18.6 4 65.2 | 13 4 7.3 
140 19.7 98 76.9 4 4 11.7 
150 20.7 102 88.9 | 1 4 12.0 
160 21.8 106 101.8 | 16 4 12.9 
170 22.7 109 115.3 ivi 8 | 13.5 
180 23.5 112 | 129.2 | 18 | 3 | 13.9 
190 24.3 114 | 142.9 19 2 | 13.7 
200 25.1 116 | 152.7 20 2 9.8 
8 : 2 12.8 
. 5 7 2 13.8 
3 2 15.7 
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Fic. 24.—Diagram showing height growth of dominant trees, by States. 
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Pia. 25.—Biagram showing height growth of codominant trees, by States. 
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Fic. 26.—Diagram showing height growth of oppressed trees, by States. 
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Fic. 27.—Diazram showing volume growth of dominant trees, by States. 
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Fic. 28.—Diagram showing volume growth of codominant trees, by States. 
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TaBLe IV.—Dimensions, volume, and rate of growth, by decades, etc.—Continued. 


(B) SECOND-GROWTH PINE. 


(11) Stre a; York County, Mr. 


DOMINANT TREES. * . 
(11 trees.) 
Diameter Relative per cent of total Periodi : 
atheight| Total iyelame volume. OBEROI OO Average) Current 
Age. | of 24 feet) height (without | 7 ; —| annual | annual 
Wi ees bark). Bos Sapwood. Bark, | Decade. | Height. Volume. |#¢cretion.jaccretion,| 
Hy - | | 
Years.| Inches Feet. Cubic ft. Per cent.| Per cent.| Per cent. Feet. | Cubic ft. | Cubie ft. | Cubie ft. 
10 oe 7h 0.5 1 vey 0.9 0.05 0.05 
20 5.7 21 eal 2 134 1.6 .10 16 
30 10.2 37 6.5 3 16 4.4 ec, 44 
40 14.2 494 17.0 4 124 10.5 42 1.05 
50 18.6 604 34.0 5 11 17.0 . 68 1.70 
60 22.1 69 60.3 6 8} 26.3 1.00 2. 63 
70 24.6 7 82.2 7 8 | 21.9 ale ld 2.19 
80 26. 2 85 100. 0 8 8 | 17.8 1.25 1.78 
OF sere 90 (2) 9 | Bid | eseewareed eee meee oceans \ 
| | | . 
(33 trees.) 
| 
lisse 1.8 7 0.2 1 7 0.2 0.02 | 0. 02 
20 1 174 7 2 104 ag 08 | 05 
30 | 6.2 30 2.4 3 124 ray 08 | oe 
40 | 8.6 43 | 6.4 4 13 4.0 16 40 
50 11.7 56 | 14.6 5 13 8.2 29 oh: 2) 
60 14.8 663 ined ieiicon oss BocsencyAd Esssaiccer 6 104 | 11.6 44 1.16 
70 17.3 75 39.6 47 B4 ti 7 84 13.4 -56 | 1.34 
80 UP al 814 54.0 } to to to | 8 64 14.4 . 67 1.44 
90 21.0 87 70.0 53 41 12 | 9 5 16.0 -78 1, 60 
OPPRESSED TREES. 
(12 trees.) 
10 1.5 6 1 | 6 | (Duele ae ares 
20 4.5 18 2 | IY SO (GA WEN RUEE | 103) 
30 7.2. 30 3 12, | pile | -09 | 0.21 
40 9.5 414 4 4s 3.8 -16 | . 38 
50 11.2 53 5 11h 5.7 ae) .9o7 
60 12.8 664 6 134 | 6.7 31 .67 
70 14.0 | 754 7 OF | 7.0 . 36 Sid 
80 15.0 79% 8 4 6.4 40 . 64 
90 15.4 834 9 4 | 6.6 | 143 66 
(12) Sire e: York County, Mer. 
DOMINANT TREES. 
(10 trees.) 
| 
10 1.9 7.5 0.5 1 7.5 0.5 0.05 0. 05 
20 6.1 19.0 1.2 2 11.5 “itt - 06 07 
30 9.4 32.0 5.0 3 13.0 3.8 | li | 38 
40 12.1 45.0 2.0 4 13.0 7.0 | 30 70 
50 13.9 58. 0 21.4 5 13.0 9.4 | 43 | 4 
DOMINANT TREES. 
(8 trees.) 
| 
| 10 | 2.2 9.7 0.2 | 4} 9.7 | 0.2 0. 02 0, 02 
20 5.6 21.3 1.0 2 11.6 — -8 05 08 
30 7.7 33.4 3.8 | 3 12:1 | 2.8 -13 28 
40 9.0 43.0 BzS Ns 4 | 9.6 4.6 aol 46 
50 10.3 56.0 13.0 | 5 13.0 4.6 .26 46 
(18) MassSACHUSETTS AND NEW HAMPSHIRE. 
DOMINANT TREES. 
(12 trees.) 
lesaal | | | | 
10 PER) 9 0 9 | 0.1 0.01 | 0,01 
20 | 4.7 25 1 2 | 16 TSU fe Ove)| .B 
30 | 7.5 39 | 4 3 | l4 | 2.9 | -l4 -29 
| 40 | 9.6 53 | 9 4 14 5.0 | 23 | 150 | 
| | 
(Average in Massachusetts and New Hampshire of 12 trees.‘ 
—— 
10 2.5 10 | 0. 1 10 0.5 0.05 0.05 | 
20 5.4 83 2. 2 23 1.5 | .10 15 
30 7.8 48 | 6. | 15 4.5 22 45 
40 94 58 5 by 10 6.0 31 60 
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TABLE 1V.—Dimensions, volume, and rate of growth, by decades, ete.—Continued, 
(B) SECOND-GROWTH PINE—Continued. 


(14) Sive g: CLEARFIELD County, PA. 
DOMINANT TREES. 


(4 trees.) 
| Diameter! | Relative per cent of total ; : 
Volume | rol " Periodic accretion. ‘ ‘>. 
see SAR ARM, ———|_______ Aisa aaa 
ith (wit i af tren (without) Peart. | | } anexehtont peréifo 
| bark). "| bark). | Wood. ii Bark. Decade. | Height. Volume. ») fees ba 
| Years.| Inches. | Feet. peer ci [ee cent.| Per cent.| Per cent. Feet.  Cubie ft. Cubic ft. | Onie atte 
10 2.6 | bY (i Ae | PER seeee] Seeing fczsuaee 1 9 | 0.1 0.01 | 
20 7.3 | 27 / sense masse llnenta cers abeawaee as 2 18 | 2.9 15 | ° oe 
30 13.2 41h) 13.5 | 37 | 55 8 3 144 | 10.5 45 | 1.05 | 
| | | 


CODOMINANT TREES. 


(5 trees.) 


OPPRESSED TREES. 


(3 trees.) 
10 1.6 i 1 7 | 0.04 | 0.004 | 0.004 
20 am 25 2 | 18 156 03 °056 
| 30 6.3 35 3 10 | 2.30 | sto ‘230 
if | 


SUPPRESSED TREES. 
(3 trees.) 


(15) Site i: Forest County, Pa. 
DOMINANT TREES. 
(2 trees.) 


1.8 9 (@)) 
20 6.9 294 2.5 
30 10.4 41} 9.7 
40 12.9 524 19.0 
DOMINANT TREES. 
(10 trees.) 
ee 21 9 
20 5.9 27 
30 8.7 41h 
| 40 11.0 53 


CODOMINANT TREES. 
(10 trees.) 


OPPRESSED TREES. 


(5 trees.) 
| 10 2.1 7) (| 
| 2 42 23 1.0 
30 5.7 | 36 2.7 
6.6 “4 4.8 


(16) SITE c:; LuzerRNeE County, Pa. 
DOMINANT TREES. 


(9 trees.) 
10 1.0 6 (?) 
| 20 3.2 19 0.4 
30 5.9 83 2.6 
40 8.7 444 9.2 
| 5O 11.5 $1 14.0 
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DIAMETER OF SECTION, IN INCHES, AT AGE (YEARS) OF— 


TABLES OF 
(1) AVERAGE THROUGHOUT THE RANGE. 


TaBLeE V.—Growth of diameter and cross-section area at various heights from the ground, 
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Fic. 30.—Diagram showing average progress of diameter growth (breast high) of dominant trees. 


” 
” 


” ——S ——— —— 


Le: 
Life 


Suedussrscssaeesessaceaseasesseess ri 


0 |6~ 60. 6 4G~ aR s:s‘( a S*‘«a Ge ee ee 
AGE OF DISK 


Fro. 31.—Diagram showing diameter growth of dominant trees at various heights from ground (average throughout range). 
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Fia. 32.—Diagram showing diameter growth of codominant trees at various heights from ground (average throughout range). 
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Fig. 38.—Diagram showing diameter growth of oppressed trees at various heights from ground (average throughout range). 
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DIAMETER OF SECTION, IN INCHES, AT AGE (YEARS) OF— 


(2) AVERAGE FOR WISCONSIN. 


TABLE V.—Growth of diameter and cross-section area at various heights from the ground—Continued. 


Height 
of section _- 
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Fic. 34.—Diagram showing diameter growth of dominant trees at various heights from ground in Wisconsin. 
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Fic. 35.—Diagram showing diameter growth of oppressed trees at various heights frota ground in Wisconsin. 
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THE WHITE PINE. 


PaBLe V.—Growth of diameter and cross-section area at various heights from the ground—Continued. 


Height of 


(3) AVERAGE FOR PENNSYLVANIA. 


DIAMETER OF SECTION, IN INCHES, AT AGE (YEARS) OF— 


Charac- 
wap spain — ———— - — | 
growth. cround. 10) 20 30 40 70 | 80 90 100 110 120 130 140 150 160 170 180 190 200) 210 220 280 
| | } | | | 
an oe} es Pod Ved Pee — jn | yd ee) ee 
Feet / 
24) 2.0) 4.4) 7.1] 9.5) 11.5 15.0) 16.5) 18.0) 19.5) 21.0) 22.4) 23,6] 24.9) 26.0 28.2 29.3) 30.4) 31.5) 32.7) 33.9 34.9 
ai 18 3.4) 6.4) 8.5 10.3) 11.8 | 14.1) 15.2) 16.2) 17.2) 18.2] 19.1) 20.0] 20.8) 21.5 23.0, 23.8] 24.6) 25.4) 25.9) 26, 
Era 34 3.2] 6.1) 8.3) 9.9) 11.3 13.6 14.7, 15.7, 16.7) 17.6 18.4) 19.3) 20.1) 20.9 22.3 23.1) 24.0 24.7] 25.3 
Bs 50 2.7| 5.6 7.8 9.4) 10.7 13. i| 14.2) 15.2] 16.0) 16.7] 17.4) 18.2) 18.9] 19.7 21.2 21.9) 22.6 23. 
25) 66 | 2.5} 5.0, 7.0) 8.7] 10.3 12.8) 13.9) 14.9] 15.8) 16.7, 17.5) 18.3) 19.1] 19.9 21.3 21.8 
Es]! 82} 2.2] 44) 6.2) 7.8) 9.2 11.6) 12.7| 13.7] 14.5) 15.3] 16.1) 16.9) 17.7] 18.4 Pane 
AS] 100 | 1.8) 3.7) 5.3 68) 8.1 10. 4| 11.6) 12.6) 13.6, 14.6 15.5) 16.4) 17.2 
115 | 1.4) %9| 4.4) 5.6) 6.9 9.3} 10.4) 11.3 sph / 
/ 24] 1.6) 3.5) 5.4) 7.2) 8.7 11.6) 12.9) 14.2) 15.5, 16.8 18.2) 19.3] 20.3) 21.3 28.2 24.0 24.8 25.5) 26.2 27.0] 27.8 
oh 182.4) 4.8 6.5) 80) 9.1 11.2} 12.3} 13.2 14.1) 14.9 15.8) 16.5| 17.2) 17.8 19.1 19.7) 20.3, 21.0) 21.6) 22.2 
=z 34 | 23) 46 6.4) 7.8 9.0 11.1) 12.0] 12.8) 13.6 14.4 15.1| 15.8) 16.5) 17.1 18.4 19.1 19.7 20.4 21.0 
<3 50 | 2.3) 4.4) 6.2 7.9) 9.3 11.5) 12.5] 13.4 14.2 14.9 15.6) 16.3 16.9) 17.6 18.9 19.5 20.1 
EE 66 | 2.1) 43) 5.8 7.2) 8.5 10.6) 11.5) 12.3, 13.1 13.9 14.6) 15.3 15.9) 16.6 17.8) 
=2 82/16) 31 45 57 68 8.7| 9.6) 10.4| 11.2) 11.8 12.4] 13.0) 13.7 la 
5 981.4] 2.5) 3.8] 5.0) 6.1 8.0 
114 | 1.0) 2.0 aa 4.2) 5.2 ! 
Height of DIAMETER ACCRETION, IN INCHES, FOR DECADES— 
bere section : 
~. rom | | 
growth. round. | 1 | 2 | $)} 4) 5 | Z| 8 | 0-10: 18") 18189) 346 17 | 18 | 19] 20 | 21 | 22 | 23 
ree ees ee | 
| Feet | | : | 
23) 2.0} 2.4) 2.7] 2.4) 20] 1.9] 1.6 1.5) 1.5) 1.5, 1.5) 1.4) 1.2] 1.3 11 1-1) 1.1} 1.1] 1.3] 1.1) 1.3) 1.2110 
ae 1B | 84) 8:0) 24) 408) 1.5). 1.2} 1.1) 2.1) 1.0) 20) 1.0). 9)) 9) Be By ie] ey eae ar Gee 
z2| 34] 3.2) 20) 29) Le) 14] 1.9] Ui! 1.1) 1:0] 10) 19] .8) .9]° <8) 8 | 968) ee aINeeT| hs 
2: 50] 27) 29] 22! 16) 3-3] 12) Tet La] 10} 8 oa 37-8] ea 8) | Aerie (eee ci 
z= 66) 25) 2.5) 2.0) 3.7] 1.6) 1.3] 1.2] 1.1) 10) .9) ,.9] <8} 8} .8) 8! “| 65 
Sa gz) 22 22 1.8 16 La) 1.3) 1.1) 1.1) 10 pater Oleh ase ne Bees 
AS too} 1.8) 1.9] 1.6) 1.5) 1.3) 1.2 1.1) 1.2) 10) 1-0) 1.0) .9. .9) 18 
: 0 Wu OF | fer B+ ies emir > fey Ee) Wb Did ne Rs is Ui La | 
23} 1.6) 1.9] 1.9) 1.8] 1.5] 1.5] 1.4] 1:8] 1.3] 1.3) 1.3) 1.4) 1.3] 1.0} 10 0.9 0.8) 0.8) 0.7) 0.7) 0.8 0.8 
= CH ee A eae I i Pees ts Tp Pea EQ err Po P| | eae LR A Lemay) Se: ia) 8) 6) 7] Cw 
2a Bk | 22.3) 253) a8] | a2) a3] a0] 929) seth cs] Bh say. coal. 7) 028 Bt Home lob epee | 
=: 50] 2.8) 2.3) 1.8) 3.7] 1.41 1.2] 10} Lo} .9} 8) 7] 7] 8] Pr tS 6 
E& 68 [aed 20] elev eat eA, Wed 50) 7 0) eS ee Slee ere Tee] eee +6) 
se Md bees EC Pe Ps | | a | a | | | 
st 98| 1.4) 1.1] 1.3] 1.2) 1.1] 1.0] 9 | | 
| a} eo} 0} 2a] 2a) no | | aa | 
| / i | | i 
L pa Pad 8 | 
Chea Height of. CORRESPONDING AREA ACCRETION, IN SQUARE FEET, FOR DECADES— 
ter of rc 
rom | | 
growth) jround.| 1 | 2| 8 | 4 cell ayy Hrs at BEB 12 | 14 | 15 17 | 18 19 20 21 22 33 
| 
_ ——_" | | |—— —| ——S «| —| —— | —_— | _ —_ 
Feet, eae } 
24) 0.02) 0.08 0.17 0.22! 25] 0.26) 0.29) 0.30 0.33) 0.34) 0.30) 0.34 0.31) 0.31] 0.34 0.34) 0.86 0.37 0.42 0.4410.37 
18 | .06} .16| .17| .19 16) 18) 17) 218.20) 18] 19.18.16) 17] 19-21) 21) 22.14) 14 
34] 105] .15| .17| .16 -16| 17] .16] .18| .17| .16 2a) 518) -17| . 20) .281 419) .16 
50 | .04) .13| 16) 15) 116] .17) .16| 14) 212) . 13) es :16; 116] .17| .16 
66} .03| .11) .18) 214 716] .16) 116) .15, .16) .15 316) .17 -13) a2) | 
82} 103) .07] .11) .12) Ba (| Poe Vesey | Pens 3 mee a | 115) 214) 
100 | 102} .05| 208) 210 212} 214) 213) 215, 15] .15 ‘14 
115 | :01| .03| .07; .07 <li] 212} <1] .10 | 
24) .01) 206.09) .12 216} .18} .19) .21| .23| .27 22. 29) 122] 21] .21] 20) .19) . 24] .28 
18 | 503} .09) 211) -19| 119] 144) 513) 213) .13) .15 1138.12 14) .18) 218} .15) .14) .15 
34 | [03] :08} .11) .11| Sal} 1M 11) 212) -.a2) 11 12, .11| .19) .14| 213) 215] 618 
50 | 03} .07} .11| .18 119) 13) 013) 212! 211) 212 Sites 14) .12] .13 
66 | :02! 107 109 210 S11} Yh. 10}. 11) 12) 201 100.12 12 
82 | :01) .04) .06) .07 108) 09.09) 208.09) .08 .10 | 
98 -O1} .02) .06; .06) . 08 | 
114 | 501) [01 503) 505 
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Fic, 36.—Diagram showing diameter growth of dominant trees at various heights from groune in Pennsylvania. 
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Fic. 37.—Diagram showing diameter growth of codominant trees at various heights from ground in Pennsylvania. 
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TABLE V.—Growth of diameter and cross-section area at various heights from the ground—Continued, 
(4) AVEKAGE FOR MICHIGAN, 
Charac- Height of | DIAMETER OF SECTION, IN INCHES, AT AGE (YEARS) OF— 
ela Enns ee sa ae # ee pass 
growth. ground. 10 20 30 | 40 50 60 70) SO) 90) 100-110 1200 130 140° 150 | 160) 170 180 190 200 210 220 230 
/ | ; 
Feet. | | | | / 
23, 2.0 4.4 6.6 8.7 10.6 12,4 14.0) 15.6) 17.2) 18.7, 20.0 21.2 22.3) 23,5) 24.5) 25.5 29.1 29.8 30.6 31.4 
a- 18 | 2.8 5.6 7.7) 9.6 11.3) 12.8) 14.2) 15.5) 16.7) 17.7) 18.7) 19.7] 20.6, 21.5) 22.4) 23.2 25.8 26.3, 26.8 
az 34 | 2.8) 5.6) 7.9 9.8 11.4 12.8) 14.2) 15.3) 16.3) 17.3) 18.5) 19.4) 20.2) 21.0) 21.7) 22.4 / 
ey 50 | 2.8 5.7) 8.0 10.1 11.8 13.3, 14.5) 15.5 16.5 17.4) 18.3 19.2) 20.1 20.9 21.6) 22.2 | 
ES 66 | 2.5) 5.2) 7.3) 8.8 10.1 11.3) 12.4) 13 5) 14.5) 16.5) 17.4) 18,1) 18.8) 19.4) 10.9 
A> 82) 2.3) 4.2) 5.9) 7.4 8.7 9.7 10.7) 11.6 12.7) 14.4) 15.1) 15. 8) 16.4) 17.1, | 
100 | 2.1) oy 6.5, 7.0, 8.2 9.4) 10.3] 11.1) 11.9} 13.3, | | | | 
| | | | | : 
+ 24) 1.5) 3.4) 5.1 6.7 8.3) 9.0) 11.0) 12.6 14. / 20.5 21.8 22.8 23.8 24.7 25.6 26.4 27.1 27.7 28.3 
ae 18/2.3 4.9 6.8 84 9.8 11.2 12.4 13.5) 19.2) 19.9 20.6, 21.3) 21.9 22.4) 22.9 23.4 23.9 
£¢ | 34) 2.8) 5.5) 7.4) 9.1) 10,6) 11.9) 13,1) 14.2) 19.1) 19.7) 20.3) 20.9) 21.4 21.8 | 
BES 56 | 2.9) 5.3! 7.5) 9.2) 10.7] 12.0! 13.0) 14.0) 18. 8! 19.4, 19.9) 20.5) 21.0 | 
ise 66 | 2.2) 4.3 6.2 7.7) 9.0) 10.0 11.0 11.8 15.9 16.4 16.9 : | 
d=| 822.2 44 6.0 7.5 8.8 9.9 10.9 11.8 15.7 
100 | 4 3.2° 4.5) 5.6 a 7.8 a7 hi | | } 
| | | | | | | | | 
24,1,2) 2.6 4.4) 6.1) 7.5 8.8) 10.1) 11.3) 12. le | 18.7) 19.7, 20.6 21.4) 22,1) 22.0) 23.6, 24.2 24.7 25.2 
Sai!) 18 | 2.0) 4.0) 5.6) 7.0) 8.1) 9.2) 10.0) 11.0) 12. ci 16,2) 16.8, 17.3 17.8) 18.3 18.7, 19.1 
zz 34 | 2.5) 5.1) 7.2) 9.0 10.3, 11. 4) 12.4 13.3 14.0 » 16.9 17.4 17.8 18.2 18.5 
AS 50 | 2.5) 5.0 6.9) 8.3 9.5) 10.6 11.6 12.4 7 5. 16.4 16.8 17.2 17.7 } 
eS 66} 2.5) 4.7) 6.3) 7.6) 8.7 9.7) 10.6) 11.4) 12, o: 14.8) 15.2 
Coe 82) 2:3) 4.1) 5.7 6.9) 7.8) 8.4) 9.1) 9.8 os) E 
100- et 3. 8 5. 9 5. >| 6.7) 7. “ 81 8.6 9 | | 
= 
cube Height of DIAMETER ACCRETION, IN INCHES, FOR DECADES— 
teat pe | x 
rom 
growth. ground. | 1 | 2 | 3 | 4 5 | 6 7 8 9 | 10 | 11 | 12] 13 | 14 | 15 16 | 17 | 18 ED | 20 | 21 | 22 | 23 
! i 
eras ales a Rahs, 
Feet. | | } | | | | | 
24) 2.0) 2.4) 2.2) 2.1) 1.9) 1,8) 1.6) 1.6) 1,6, 155) 1.8 1.2) 1.1) £2 10 1.0 10) 10) 0.9 0.7 0:7 0.808 
ee 18| 2.8 2.8 2.1) 1.9) 1.7) 1.5) 1.4) 13) 1.2 1.0) 1.0) 1.0) 0.9) 0.9 0.9 0.8 0.7) 0.7) 0.6 0.6 0.5 0.5 
2¢ 34] 2.8) 2.8) 2.3) 1.9 1.6 1.4) 1.4) 1.1) 1.0) 1.0) 1,2) 0.9) 0.8 0.8 0.7 0.7) 0.7 0.6 0.6 0.5 
#E 50] 2.8) 2.9) 2.38) 2.1) 1.7) 1.5) 1.2) 3.0) 1.0) 0.9) 0.9) 0:9) 0.9) O08 0.7% 0. 6 0. 6 0.6 0.5, 
Er] 66) 2.5) 2.7) 21) 1.5) 13) 1.2) 1.1) 1.1) 10 1.0] 1.0] 0.9] 0.7) 0.7] 0.6) 0.5] 0.5 | | 
a= 82/ 2.3) 2.9 1.7 1.5) 1.8) 1.0) 1.0) 0.9) 1.1) 0.9) 0.8 0.7) 0.7) 0.6 0.7 | | 
100 | 2.1) Sy 1.5) 1.5) 1.2} 1.2) 0.9) 0.8 0.8) 0.7, 0.7, | | | | 
| | | | | | | 
< 2 1.529) 17) 156) Lo 13) 14) TG) 15) 128 13 14! 18] 1.4) 11 1,2) 1.0 0.9°°0.9; 0.8) ° 0:7 0.6) 0:6 
== 18'| 253) 2:6) 2.9) 1.6) 1.4) Wark) 2a) dil 2.0) 1.0) 1.0 0.9) 0.7 0.7; 07 0.7 06 05 0.6 05 O18 
Eg 34) 2.8) 2.7) 1.9) L7 1.5) 1.3) 1.2) 1.1) 1.0, 0.9) 0.8 0.8 0.7) 0.7) 06 0.6 0.6 0.6 0.4 
Ee 50} 2.9) 2.41 (2.2) 1.7) 1.5) 1.3) 1.0, 1.0) 0.9) 0.9) .0.8 0.8! 0.7) 0.7) 0.6, O51 016 0.5 
BoE 66) 2:2) 2.1) 1.9) 1.5) 1.8) 1.0) 1.0 0.8) 0.7 0.8 0.8 0.7) 0.6) 0:5) 0:5 0.5) 0:4 | | 
oat 82)) 259) (252) 1.6) 1.5) 1/8) 1a} 150, 0.9) 0/8) 0.7) 0.7] (0.6 0.5) 0.6 | | 
cS 100} 4:7) 1-5] 1:3) 2:3)° 4.3) 1.1) 0.9 8 0.8 0.7 0.7 | | | 
| | { | | ] | | 
Oh 152) Lid 18) 1 Weal TB) ded) e152] 155) © 12) 168) 2) a2) a oy 150) 079) 080.7, 0. 8) 0:7) OLS, Obs 
ris 18} 2.0 2.0; 1.6 1.4) 1.1) 1.1) 0.8 1.0) 1.1) 1.0 0.9) 0.7 0.8] 0.7) .0.6 0.6) 0:5 0.5) 0.4) 0.4 
Z 34) 25 26 21 18 1.3 1.1 1.0 0.9 07 06 0.6 0.6 0.6 05 05 04 0.4 0.3 
zi 50| 2.5) 2.5) 1.9 1.4) 1.2) 11) 1.0 0.8) 0.8 0.7 0.7) 0.6} 0.6) O76) 0.4 0.4) 0.5 
a> 66} 2.5) 2.2) 1.6) 1.3) 1.1)) 1.0) 0.9) 0.8) 0.7) 0.6 0.6 0.5) 0.5) 0.5) O.4 | 
52 82| 2.3 1.8 1.6 1.2 0.9) 0.6 0.7 0.7 0.4 0.4 0.4) 0.4 0.5) | 
100 | 1.9) 1.9) 1.2 0.9 0:8) 0.7} 0.7) 0. 5 0.4 | 
i | { 
j 7 = ~ = 
Chatae: Height of | CORRESPONDING AREA ACCRETION, !N SQUARE FEET, FOR DECADES— 
ter of | Section = ale 
% from | | | } | 
growth.) ground. | 1 | 2 | 3 | 4 | 6 | 0 i s | 9/10 12 | 18 M4 | 15 | 16/47) 18 | 19 20 | 21 | 22 | 23 
} | / | | / | 
| = | 5) | ae a es a es ae eee TE, 
a oie Perstridde okt] tscok teenage ea eH 
24 0.02, 0.08 0.14 0.17, 0.20 0.23 0.23 0.26 0.28 6.30 0.27) 0,27 0.26 0.30 0.26 0.28 0.28 0.29 0.28 0.22 0.22) 0.270.27 
18] .04) -18) 235) 218) 220) 7.19) 620.21). 2u) 1) 20). 22h. 2B) S18) 592; 230) JB) OG) ct ot 6 
34 04 218)" 07] 108) 10) 18 S20 PB) e217], IS} 2a IB) SOS IBY” S17) S17 th) ee) 28) / 
50 O04) 14] 217] 221) -.20) .20 19 .16 1 ene (ies | ers) Oj eae Ls ten ea pe gull SBT pes pe | 
66 | -03; .12) .14 138, .14 .14) 214) .15 16), LBP lh AS) dha 1D) TU a dD | | | 
2} 608) 207} 09) 221) SUE S10) dT 5) ote) 02/7 a 12 Up de | | | | | 
100 | .02 .07; .07) .11) .09) .12, .10, .09| .10) .10) .09] .08 | | 
| | | ! 
2} .01; -05) .08) .10, 18) «18, .16) 120; /S2)- Bi <528 37) 20). Bar .98) 229 26, J2d) 2k) 528) °.20), 187.19 
18 203) <10) 612) 18) 1d) 10, 1G) 6) 1) 17+ 217, 18) 218) 14) 210). 18, CIS eid) 1S) pier se 
3 e048) 202) 1a 505. 6) GP 17 GL eG) 9) 5 Sb) 1a) (cd 1S) Sen pea Ae) 
60 | .05) .10) 16) 295) 18) .16) 28) 0b) J Td nisi ca Sabb eat Sa 3) yaya] ein | | 
66) .03) .07 .11) .11 2 210 12} 210) .08) .11} .12 .11} .10) .00) 209) .09 | | | 
82 708). 50%) <.20) cTn) Sint Gat 12) .11) «11] 09) .11 208) .08) 510 
100.02 6.04 05). 06 7; .09 +.08}) .08) .09)' .08) 09 | } 
2 -01; .03 06, .10) .1R)-.11)- sls) 204) 10) 18) 21 20) 2820) ott 228) 2G} 16) gi ie 15, .14 .18 
18} .02) .07 .08) .10, .09 .10 .08) .12) .14) 1d) .18 211) .18) 212) .11) .09) .10) .10) 108) 208} | | 
34 -O3) .22) .14) 118) 14) 113) .12)- .18) 211) .09) 210 10) .11) 09) .09) .08) 208) 706 | 
50 O8 U0 0S) 12) UN 2 ed a) Ss a a SD) say 07.07) «WwW / } 
66; .05 .09 .10 .09 .10 .10° .10) .10 .09) .08) .08 .08' .07 .08 .07 / 
82 03, .06 .09 .08) .07; .05) 207) 107) 205 O4 05 .05) .06 / 
100 02) .06 .06, .05 05 06 .06 (04 04 
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Fic. 38.—Diagram showing diameter growth of dominant trees at various heights from ground in Michigan. 
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Fig. 39.—Diagram showing diameter growth of codominant trees at various heights from ground in Michigan. 
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Fic. 40.—Diagram showing diameter growth of oppressed trees at various heights from ground in Michigan. 


TABLE V1.—Acre yields of White Pine and measurements of sample trees. 
A.—MICHIGAN: 
(1) SITE a: Presque Isle County. Sample area: 1 acre. 
[700 to 800 feet above sea level.) 
Soil: Yellow or gray sand, moderately loose, deep; subsoil with small stoves, surface cover of Age of pine: 100 to 150 years. 


brakes, huckleberry, etc., Density of crown cover: 0.6. 
Forest conditions: Red Pine (61 per cent), mixed wit White Pine (36 per cent), and occasional 
Maple, Poplar, Cedar (3 per cent), on level. Number of trees: 151. 
Classification : White Pine. Red Pine. 
Dominant ......----------- percent... 40 46 
Oppressed... aU ee 1 f 26 
Sappressed . ait ae &} 28 
ACRE YIELD. 
White Pine. Red Pine. 
| . Volume. | 
. Diameter ee Diameter 
a \arenl (breast Height. | | Mer- ae (breast Height. 
eee) high). Bole. chantable * high). 
| ae / 
} Inches. Feet. Cubic feet. Feet B. M.) Inches. | Feet. 
4 8to6 |) «| [je--- 2225-5 | UUs acceso | 
17 6to10 \ 170 | 25 6 to 10 
1 10 18 | 4 10 
+ 11 100 7 il 
2 12 69 7 12 | 
| 5 13 175 5 13 80 | 
6 4 80 240 7 M4 to | 
7 15 to 322 9 15 100 | 
4 16 { 100 232 ! 13 16 
5 17 325 12 17 | 
3 18 216 9 18 
2 19 158 3 19 
2 21 136 3 20 
3 22 303 | 
| 1 w4 119 
| 2 27 366 / 
68 trees: 113 trees: 
Total cubic fest.2 isccw css. cts ween 2, 900 Total cubic feet. 3,813 
Total feet B. M ....... 2-22. ----+---- 14, 350 Total feet B. M. 18,300 
Total yield: Pine, 32,650 feet B. M., of which White Pine 44 per cent. 
Average annual accretion: White Pine, 57 cubic feet. 


272 feet B. M. 
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TABLE VI.—dere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 
MEASUREMENTS OF SAMPLE TREES. 


Age class: 80 to 100 years. 


DOMINANT GROWTH, 


| | "I uo ne rm 
Diameter [ene | Factor | lent Relea 
- | per inch Volume of crown} Currentannual | annua 
Treenumber. | Age. eae Height. on of tree. | aoc e, | to total accretion. | accre- 
| LIOR stump. Pp height of | tion. 
, | | | tree. | { 
| | 
| 
Years.| Inches. | Feet. No. Cu. ft. Percent. Cu. ft. Ou. ft. 
100 19.0 | 94 5.2 75.4 0. 40 0.52 2.0 1.50 0.75 
100 20n2) 95 4.9 99.6 48 42 .8 . 80 1, 00 
95 21.5 | 100 4.1 115.4 745.) -48 1.0 1,15 1, 21 
———e — —_ je ee ee | 
Average... 98 | 20. 2 96 4.7 96.8 +44 | 47 1.3 1,15 .99 
a 4 
OPPRESSED GROWTH. 
(lib cohaggeac ne sOS 98 14.5 78 5.9 46.9 0.52 0. 42 2.2 1.03 0.47 
i | ioe 
SUPPRESSED GROWTH. 
| 92 10.5 | 72.0 8.2 20.6 0.47 0. 26 2 0. 25 | 0. 22 
84 10.0 73.0 7.6 20.9 .53 -48 3.7 -77 205 
Average. | 88 | 10.2 72.5 7.9 20.7 | .50 . 37 | 2.4 51 | 23 


Age class: 100 to 150 years. 


DOMINANT GROWTH. 


l 
ian ere ats 123 20.0 | 10.2 5.5 | 89.7 0.40 | 0.54 2.9 2. 60 0.73 
20.8 | 4.7. | E Oe Fath 2.0 1.85 ‘91 
20.5 51 142 “4 1.3 1.26 192 
22.7 | 47 "39 159 as 1.55 “99 
0 41 52 1.9 1.81 .89 | 
E898 || age SU mMae 9220 1.78 60 | 
39 | 57 2.2 2, 37 ‘80 
140 143 1.5 2,10 1.03 
| | 39 | 50 | 1.9 2. 08 .81 
| | : 
4 OPPRESSED GROWTH. 
95.0 | 66] 488 | 0.41 | 0.46 2.5 1.22 0.47 
86.0 6.7 49. 4 “46 140 14 Real |e tae 
84.0 6.0 58.5 Way |e Gr 1.7 99 | .57 | 
87.0 61 67.3 149 | 142 7 47 ‘64 
Average...| 103 16.2 85.5 6.3 ES | nec |b eG 84 | Bd 
| 88.0 67 |° 569 | .41 54 5.2 2,96 44 
94.0 a6 | 57.6 50 | 30 2.2 1.26 143 
91.0 7.9 66. 0 41 144 49 3,23 “44 
91.0 17 60.2 44 | 43 41 | 248 | 44 
| — | 
SUPPRESSED GROWTH. 
= 1 | a | 
siete eee 127 11.0 69 1.2 | 24.6 0.54 0.2 | 3.2 | 0.79 0.19 
keds | 
Age class; 250 to 300 years. 
DOMINANT GROWTH, 
es 
ee rs Rene eet ay See 284 | 33.0 135 8.7 | 319.2 ONOO: || sckeee ees 0.6 1.91 1.12 | 
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Taste VI.—Acre yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 


(2) SITE b: Presque Isle County. Sample area: 1 acre. 
{700 to 800 feet above sea level.) 
Soil: Deep, loose, gray sand, covered with leaves; said to be underlaid by clay. Age of pine: 130 to 140 years. 


Density of crown cover: 0.7 to 
Forest conditions: White Pine (68 per cent), intermixed with Red Pine (14 per cent), Hemlock 


(18 per cent), with scattering Cedar. Nuwber of trees: 181. 
Classification : White Pine 

(DOMIN ANG. <n: 4 ae nanetncss annem nan Speke tees ae eee ae ead per cent... 52 

Oppressed = nee pesOO vers 18 


Suppressed pessoas ff) 


ACRE YIELD. 


| White Pine. Red Pine. Hemlock. 
| | Volume. | | | 
Diameter SS SS | Diameter, . Diameter 
Pipa (breast | Height. Mer- phe | (breast | Height. yomiber (breast | Height. | 
‘| high). | Bole. chantable - high). | "| high). 
| timber. | 
} ie fi we = eee ee 2 
| | 
| Inches. | Feet. Oubieseet.| Feet B.M. Inches. | Feet. Inches. Feet. 
28 6 to 10 280 | 1 6told | 20 6to10 | 40 
5 10 95 1 14 ll 10tol4 } to 
6 ll 192 | 1 15 3 | 14tol8 60 
7 12 266 5 16 100 
6 13 264 6 17 to 
11 14 550 | 1 18 120 
9 | 15 522 | 3 19 
| 6 {6 384 | ial 20 
10 100 720 | i 21 
8 | 18 to 640 1 22 
7 19 20 =| 616 
5 20 690 | 
6 21 744 
7 | 29 945 | 
1 23 | 147 | 
1 24 153 
3 26 555 
1 27 199 
1 30 240 | 
———_— — : = | uJ 
129 trees: 26 trees: 34 trees: 
Total cubic feet: ........5..... 22-255 8,202 Total cubic feet. 2,440 ‘Total eubie feet... 520 
Total feet. Miecers 0. eeee oneeee ane 39,300 | 


Total yield: All species, 11,162 cubic feet, of which White Pine 73 per cent. 
Average annual accretion; White Pine, 63 enbie feet. 
302 feet B. M. 


MEASUREMENTS OF SAMPLE TREES. 
Age class: 130 to 150 years. 


DOMINANT GROWTH. 


mt | gra? SF a 
Diameter IDES Factor | tenet pasuore 
5 * per inch Volume " ofcrown| Currentannual annua 
Tree number. Age. en Height. | *~ on OF trees ae ; to total Accretion: | acere- 
| Se _ stump. Pe | height of tion. 
| | tree. | 
Years. Inches. Feet. | No. Ou. ft. Percent.| Cu. ft. | Cu. ft. 
140 | 19.5 | 124 6.5 | 109.8 0.42 | 0.34 1.0 1.10 — 0.78 
186 | 19.7 | 1l4 6.7 115.9 -49 | 81 1.2 1.39 - 85 
135 20.0 15 6.2 12155, 48 32 1.6 1.94 - 90 
134 | 22.0 6C3el hae ACI ebay Byala M7 Sal iene 
-| 186 22. 6 123 6.5 130.1 39 . 80 1.4 1.82 | 96 
135 21.7 122 5.9 16.4 44 » 32 wie) -95 | 1,01 
| 138 22.8 119 6.1 | 138.5 40 -80 1.0 1,38 1.00 
| -| 133 23. 2 116 5.5 | 141.1 | +42 . 88 1.2 1.69 1.06 
| 130 24.0 106 5.3) 143.5 | +43 40 1.8 2.58 | 1.10 
185 | 24.0 108 5.6 144.7 | 42 35 9 1,30 1.07 
138 23.5 113 5.7 146.5 | 43 26 1.0 1.46 1.06 
25.0 122 5.2 187.3 44 50 1.5 2.81 | 1.27 
.3 116 5.9 | 136.6 | re ee eee: 1.61 | 1.00 
0 17 5.8 138.9 | 41 . 80 1.2 1.67 - 98 
0 110 5.8 140.6 41 . 39 1.6 2.11 .99 
5 1l4 5.7 148.0 | 43 36 1.8 2. 66 1,04 
0 119 6.0 157.3 | 49 | ~26 1.5 2. 36 1.11 
2 116 5.8 164.3 45 38 Ef 2.79 114 
5.0 113 5.7 168.8 46 . 34 .8 1.35 1,06 
3 115 5.5 205. 4 46 . 39 1.2 2.46 1,39 
Average ...| 144 24.0 115 | 5.8 160.5 44 34 14 2.20 1.10 


TaBLe VI.—dcre yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 


TABLES 


OF 


MEASUREMENTS. 


MEASUREMENTS OF SAMPLE TREES—Continued. 


OPPRESSED GROWTH. 


(3) SITE d: 


Montmorency County. 


; ~ — 
| | 7 | ae a | 
ln; saneeh tings . | lengt Average 

ineeminnhers ieace (PremeLe| Heicht, | Per ineh Volume | Epetor of crown| Current annual | annual 
ONE Nas Saal high) ee on of tree. | nape, |,te total accretion. | acere- 
| | ene | stump. Pe height of | | tion. 
| | | tree. 
| Years. | Inches. | Feet. No. Cu. ft. Per cent.| Cu. ft. | Ou. St. 
132 | 17.8 114 6.7 83.6 0.41 0. 42 1.2 | 1. 00 0. 63 
139 | 18.5 112 7.8 | 88.4 42 | 38 11 | 97 - 63 
135 18.0 116 7.2 | 91.2 44 27 «2. | - 82 - 67 
135 | 17.5 110 7.3 92.0 49 36 1.6 | 1.47 . 67 
135 19.5 | 107 | 6.8 95.6 43 42 Bi) 48 70 
140 | 185 | 102 | 7.5 98.2 | -51 Br 1.9 1.87 | 7 
oe ——- ee | | 
136 | 18.3 | 110 ter 91.5 45 85 1.2 | 1.10 | . 67 
SUPPRESSED GROWTH 
| | | | | | 
131 15.0 115 8.5 | 66. 2 0.47 0.35 1.0 | 0. 66 0.50 
| 135 ea Pa 6S) | 7.2 | 73.9 (?) J (2) 2.4 1.77 .55 
238 17.4 104 7.3 78.6 45 .29 1.7 1.34 57 
131 16.4 | 114 heat! | 79.7 AT -28 1.3 1. 04 61 | 
38 | 19.0 | 103 7.0 | 80.6 | 39 28 1.6 1, 29 -58 
1.6 17.0 | 109 | 7.5 | 75.8 44 30 1.6 1.22 56 
(ib ssossoceraacenss 142 21.0 109 | 7.2 121.7 46 4 | 1.5 1.82 - 85 
i steerer 154 19.0 97 | LOK | 78.6 | -41 | 41 14 1.10 50 
SS SS Eee ee _———— es — 
Average...| 148 20.0 | 103 7.5 | 100.0 43 42 14) 1.46 .67 


Sample area: 1 acre. 
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Soil: Fresh, loose gray sand, turning brown and red below, with surface cover of brakes and Age ot pine: 250 to 270 years. 
checkerberry; subsoil, brown sand, sometimes loamy, and in spots clay. 
Forest conditions: White Pine (54 per cent) mixed with Red Pine (35 per cent) and Hemlock (11 


per cent). 


Density of crown cover: 0.5. 


Number of trees: 113. 


Damaged by fire twelve years before; sample area shows 15 per cent dead trees and 20 per 
cent damaged by fire. 


ACRE YIELD. 


White Pine. Red Pine. Hemlock. 
Volume. | | | 
Diameter 7 Diameter aw Diameter | 
eed | (breast | Height. Mer- leet oa (breast | Height. piomaber (breast Height. | 
* high). Bole. chantable *| high). | *| high). | 
| | timber. | | } | 
| | 
Inches. Feet. Cubicfeet. Feet B. MM. Inches. | Feet. Inches. Feet. 
2 10 36 2 18) | | 2 3to6 | 40 
1 12 + 38 1 14 1 9 
3 13 159 3 15 | 1 eu 
1 | M4 60 1 | 16 i 2 eal ese 
bya} 15 207 | 3) | 17 | 6 15 
3 | 16 231 3 | 18 || 120 || 1 20 
1 17 86 6 | 19 to || | 
15} 18 96 5 | 20 1400 | | 
ye 19 315 4 21 | | 
2 Biwst 120 280 8 22 |} | | 
6 | 2 |) to 906 1 23 | 
oat 23 140 855 hy 24 i | 
9 24 | 1,611 a 30 HT | 
4 25 | 800 | | Hl | 
1 26 216 
3 27 696 
2 28 498 i 
7 29 1, 862 || 
2 30 560 | 
1 31 302 | 
1 33 340 || 
61 trees: 39 trees: | 13 trees. 
Total cubic feet. --.-..-.--.. 25-2... 10,154 | Total cubic feet. 5,256 | 
Total feet B. M. -.- 60, 900 Total feet B. M.- 25,200 | 


Total yield: Pine, 86,100 feet B. M., of which White Pine 66 per cent. 
Average annual accretion; Pine,’ 59 cubic feet. 
331 feet B. M. 
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Tasie VI.—Acre yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continned. 


(4) SivE e: Montmorency County. Sample area: one-half acre. 
Soil: Brown or red sandy loam, light, loose, dry, with stones, and surface cover of brakes and Age of pine: 100 to 120 years 
other weeds. Density of crown cover; 0.5. 
Forest conditions; Red Pine (59 per cent) mixed with White Pine (41 per cent}; no undergrowth; 
level. Number of trees: 110. 
Classification : White Pine. Red Pine. 
(DOMINAN Ge cena s ea ome we a eee ae ae one ene anes ets 65 
Oppressed .. of 
Suppressed 7 6 
HALF-ACRE YIELD. 
White Pine. Red Pine. 
| Volume. | 
. Diameter SO ee ‘Diameter 
canter (breast | Height. | Mer- aeons (breast | Height. 
OP UECOS= | Ahi eh) | Bole. chantable high). 
| timber. | | 
} | 
Inches. | Feet. | Cubic feet.| Feet BM. | Inches. | Feet. 
ee PEG fos |) ltl lj bosocetoss | | 4 ato 6 
2 6 to 10 20 6 6 to 10 
4 10 72 4 10 | 
2 11 56 | 2 11 
2 12 80 68 | 6 12 
6 13 ts 284 4 13 
8 | 14 100 | 360 6 14 || 80 
2 | 15 104 | 2 15 to 
6 16 348 2 16 100 
2) | 7 130 4 ie 
4 | 18 288 | 10 18 
6 19 | 474 | 6 19 | 
4 | 20 
| 2 21 | 
| 2 22 
| 
46 trees: 64 trees: 
Total cubic feet--....-.- 2. 5.502222 25 2,154 | Total cubic feet. 3,532 
Total {et Be watasena eae acces m= 9,030 | Total feet B. M. 14, 800 
| 


Total yield: Pine, 23,830 feet B. M., of which White Pine 38 percent. 
Average annual accretion; Pine, 51 cubic feet. 
217 feet B. M. 


MEASUREMENTS OF SAMPLE TREES. 


DOMINANT GROWTH. 


| o | Ratio of 
| Diameter ings Factor | le2g Average 
: perinch Volume efcrown|) Current annual annua 
Tresnomber: | Age. bes ad Height. | ©" on of tree. | phe, | to total accretior, accre- 
gh). stump. Pe | height of, tion. 
tree. 
case = | }— =} —— 
Years.| Inches. Feet. No. | Ou. feet. | Per cent. Ou. feet. | Cu. feet. 
Bee neeppscscne enn 120 | 18 96 6.5 71.6 | 0.42 0.41 Li 0.79 0. 60 
fe ; ==] 


Ei wanescan= aaa tis 118 | 4 | 95 7.4 | 55.0 0.53 0.31 | bi | 0. 60 | 0. 46 
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TABLE VI.—Aere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIG AN—Continued., 
(5) SITE f: 


Soil: Brown, dry sand, with stones, and surface cover of brakes and grass. 
Forest conditions: Red Pine (94 per cent) with scattering White Pine (6 per cent) ona level plain; 
no undergrowth save very small shrubs of scattered Oak (characteristic of this locality). 
About 15 per cent of trees injured by fire in 1891. 


Montmoreney County. Sample area: 1 acre. 


Age of pine: 160 to 180 years 
Density of crown cover: 0.6. 


Number of trees: 115, 


Classification : Red Pine. 
LOD MEN Sea ooae senses sods sadso go Ar enasten sesecsenssacsssecccoce ae per cent. - 72 
Oppressed . - dow... 13 
Suppressed do... 15 

ACRE YIELD. 
White Pine. Red Pine. 
Volume | 
Diameter | x Diameter 
piuesper (breast | Height. | Mer- | Faun lier (breast | Height. 
high). Bole. chantable | high). | 
timber. | | 
Inches. Feet. |Cubic feet. Feet B.M., Inches. | Feet. 
1 15 52 1 10 
2 | 16 90 116 1 ll 
1 (dead) 18 Fo Coocsood | 5 (2 dead) 12 
1 (dead) 21 100.) «to ttr 227° i) 13 
1 22 | 112 8 (3 dead) 14 
1 23 122 | | 13 (1 dead) 15 90 
| | 18 (4 dead) 16 |) to 
| | 20 (3 dead) 17 || 100 
| | 24 (4 dead) 18 | 
| | 5 19 
| | 5 20 
| | 2 21 | 
| 1 22 | 
7 trees: 108 trees : 
Motalicubic feet eas nce a ea 402 Total cubic feet -.. 6, 863 
Total feet B. M Total teet B. M.... 28, 800 


Total yield: Pine, 30,490 feet B. M., of which White Pine 5 per cent. 
Average annual accretion: Pine, 42 cubic feet. 
179 feet B. M. 


(6) SITE g: Crawford County. Sample area: 1 acre. 


[A bout 1,200 feet above sea level. } 


Soil: Brown, loamy sand, deep, fresh, moderately loose, with surface cover of fern and grass; 
sand with stones underlies the soil. 

Forest conditions: Two-story stand, upper story of White Pine (1 Red Fine of 26 inches in diam- 
eter), with 0.3 density of crown cover, lower story of Fir (22 from 4 to 10 inches in diameter), 
Beech (4 from 4 to 10 inches in diameter), and Hemlock (19 from 4 to 10 inches in diameter) ; 
undergrowth moderately dense, of Maple, Fir, Hemlock, and Beech. Percentages: White 
Pine, 50; Hemlock, 20; Fir, 25; hardwoods, 5. 


Age of pine: 250 to 260 years 
Density of crown cover: 0.7. 


Number of trees: (?). 


Classification : White Pine. 
PPD MUU AN Glo aero ae ee ln ae ae en ial Om wae wl le ow lel ame oe ee a per cent... 77 
Oppressed. - d 13 
IS Ey Nae EH Ee ence asco conto “adbee eo Scecneso sS2cob coos consessuneb oes Seced 10 


ACRE YIELD. 


White Pine. 
Volume. 

7 Diameter <== 

Naneter (breast | Height. Mer- 
“| high). Bole. ‘chantable 
timber. 
Inches. Feet Oubicfeet.| Feet B. M. 

3 16 213 

1 18 79 

2 21 | Bud 298 

1 23 io 134 

1 24 i 146 

3 25 471 

2 26 432 

4 27 | 464 

7, 28 | 1,743 

2 29 532 

5 30 130 1,400 

2 31 to 604 

5 32 150 1, 600 

3 Be 1, 020 

1 35 38l 

1 36 401 

1 42 537 

4t trees: 

Total cubic feet...................... 10, 385 
Total feet B. M .-. -- 62,300 


Average annual accretion: White Pine, 40 cubic feet. 
240 feet B. M. 
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TABLE VI.—Aere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 
MEASUREMENTS OF SAMPLE TREES. 


Age clase: 130 to 150 years. 


DOMINANT GROWTH. 


| a Ratio of 
Diameter A Factor | Jeneth Average 
| Tree number. Age. (breast | Height. per rane bre) of Rabat Goren’ sanons earings 
high). stump. | Shape. | height of tion. 
| | tree. 
Inches. | Feet. No. Ou. ft. } | Per cent.| Cu. ft. | Cu. ft. 
15.2 | 92 8.3 | 48.59 0.43 0.48 2.2 1.07 0.36 
15.5 92 8.2 | 55.32 46 42 2.3 1.27 
16.3 88 7.5 61. 70 47 . 66 a 49 
18.6 100 | | Meee rte 58 44 2.0 1.42 
20.5 9 | 7.0 | 94.56 142 47 1.5 1.42 
| 19.0 104 | 7.8 | 84.97 “41 138 14 1.19 
22.5 12) 5.4 | 129.42 ‘41 146 a ‘91 
| 23.0.| 16 | 68 | 187.91 “41 nit de a a 2. 62 
23.0 | 100 5:9 |) 197568 |" 547 230 107 2.40 
| m6 | 315 | 6&2 | 15812 | 41 ‘40 Lasalle (hae 1.13 
cot ae pare iS 
| Average ... 140 19.8 102 6.9 97.5 43 | +43 1.6 1.49 
OPPRESSED GROWTH. 
j 
109 14 82 | 40.53 
Age class: 220 to 240 years. 
DOMINANT GROWTH. 
245 20.0 120 11.0 | 112.56 0.48 | 0.46 0.9 
242 24.5 137 9.9 | 191.07 BT seh ees | | 5 | 
226 27.5 138 7.6 | 215.28 mga tree Res sie an 
226 97.5 129 7.6 | 222,29 ol . 38 4 | 
220 28.3 143 7.1 | 264.49 42 ‘60 BB 
550 30.2 14) 8.7 | 291.03 42 7B) ae 
219 33.0 121 6.3 | 317.85 144 143 Mm 
226 33.0 140 7.1 | 321.86 88 “49 28 
937 33.0 M4 7.2 | 380.57 45 ari 6 
233 37.0 147 6.1 | 455.05 M41 155 .6 
245 40.0 125 5.4 | 479.51 43 | 140 15 
233 | 30.4 135 7.6 | 20641 | 0.41 | 48 | iT 
258 26.0 119 10.0 | 162.54 0.37 0.40 0.4 
952 25.2 139 9.5 | 193.21 .41 146 oh 
252 25.5 115 9.5 | 205.21 185 158 9 d 
265 27.0 126 10.4 | 207.67 41 44 5 , 
253 30.0 135 8.8 | 259.13 239 145 er 1.03 1.02 
256 32.0 142 8.1 | 267.87 34 159 4 1.07 1.04 
260 31.5 132 8.3 | 275.89 :38 1438 7 1.93 1.06 
560 | 29.5 155 8.9 | 311.99 142 148 13 93 1.20 
251 33.0 44 7.1 | 313.07 133 ‘41 9 2.82 1.24 
256 | 31.0 145 7.6 | 314.06 ‘41 7) 15 1.57 1.22 
265 31.5 144 8.2 | 314.38 +40 133 y 1.25 1.18 
265 33,0 139 8.0 | 316.81 138 ‘51 a4 127 | 1.19 
256 32.0 154 7.4 | 360.75 i 9 2.52 1.41 
258 34.0 138 7.6 | 370.50 142 159 18 2.96 1.43 
260 36.0 149 75. | 40618 | 0.87 |" 665 ‘2 781) 1.55 
Average...| 258 | 30.5 138 8.5 | 285.15 | 39 | 45 5 1.50 | 1.10 | 
| 


TABLES OF MEASUREMENTS. 123 


TaBLe VI.—-Alcre yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 
(7) SITE h: Crawford County. 
Soil: Brown, loamy sand, medium fine, light, loose, very deep, fresh, well drained, with surface 
cover of abundant leaves. 
Forest conditions: Moderately dense stand of White Pine intermixed with Hemlock and Beech, 


with scattering Yellow and White Birch and occasional Red Pine, on a level plain; under- 
growth of young Hemlock and hardwoods. 


MEASUREMENTS OF SAMPLE TREES. 
Age class: 420 to 450 years. 


DOMINANT GROWTH. 


zy oe oF a 
Diameter sc Factor | length VeLaee 
‘i 5 ‘ per inch | Volume : of crown] Current annual annua 
Tree number. Age. (Preset Height. on | of tree. ce f to total aceretion. accre- 
Bn stump. Pp height of tion. 
| tree. 
Inches. Feet. No. Cu. ft. | Per cent.| Cu. ft. Ou. ft. 
37.0 155 14.0 433.2 0. 37 0.45 | 0.4 1.73 1.03 
35.5 141 10.0 510.5 52 -39 6 3. 06 1.15 
41.0 152 11.0 583.7 41 - 53 2 1.17 1, 28 
43.0 160 10.5 | 677.3 42 - 56 4 2.71 1.59 
46.0 150 (2) 694.1 40 | 48 3 2. 08 151 
47.0 160 (2) 721.9 37 45 4 2.89 1.59 
| 46.0 170 LOSO | 737e9) 38 56 3 2.21 1. 60 
46.0 | 168 (?) | 819.6 42 -51 4 3. 28 1.88 
47.0 162 10.5 | 855.3 42 -o7 oO | 4.28 1.86 
Average...| 446 43.0 | 157 11.0 | 670.4 41 -50 ot 2. 60 Taek 50 
Age class: 270 to 290 years. 
| eocootsosarascoos 274 45.0 | 150 7.1 604. 3 0.36 |° 0.52 0.4 | 2.4 2. 20 | 
| | | | 
(8) SITE i: Crawford County. Sample area: 1 acre. 
Soil: Brown, loamy sand of medium grain, light, loose, deep, fresh, well drained, with 2 to 3 inches Ageof pine: 95 to 105 years. 
mold on top and surface cover of leaves. Density of crown cover: 0.6. 
Forest conditions: White Pine (47 per cent) mixed with hardwoods (30 per cent) and Hemlock (23 _ 
per cent), on a gentle slope; undergrowth scanty, of young Hemlock and Maple. ‘ , Number of trees: 364. 
Classification : White Pine. 
VAN Reece Seee sche Sot tne SiedAs 2 Sted a sh emoc eee neseenesatoeeeroterm ede per cent-- 47 
Oppressed . Beart uacee 18 
SEATS ET UN See meson gaoneSTstiason ec Soacr nme eniecis ti ounSSapeiooresusccceet adeied! do.... 35 
ACRE YIELD. 
White Pine. Hemlock. | Maple. Beech. 
Volume | | 
Num- | Diameter i || Num- | Diameter] || Num- | Diameter’ Num- | Diameter 
ber of | (breast Height. Mer. ber of | (breast Height.) berof | (breast |Height.| ber of | (breast Height.) 
trees. | high). | Bole. chantable| trees. | high). | trees. | high). trees. | high). 
| H | timber. 
! | | z | | 
Inches. | Feet. | Cu.ft. Feet B. M.|| | Inches. | Feet. | Inches. | Feet. | Inches. | Feet. 
4 SiGe |) (ese easese | 18 | 8to6 26 3 to 6 | 20 3 to 6 40 
52 6 to 10 520 44 6told | 28 6 to 10 40 14 6 to 10 \ to 
9 10 162 | 3 10 | 2 10 1 10 50 
8 11 256 il 3 11 = — — 
12 12 456 | 4 12 || 60 
15 13 660 2 13; >) to ||] White Birch. Yellow Birch. 
16 14 90 300 2 14 80 | 
11 15 to 2 638 | 3 16 | | 
ul 16 |f £0 9] 704 1 18 | 6 | 6to10 | 2 | 6to10 
13 17 936 1 20 | 4 10 40 |} 
8 18 640 2 23 | 2 i4 to | 
5 19 435 1 1 60 | 
4 20 | 384 2 17 i} 
3 21 309 | | i 
1 23 122 | | 
1 25 43 | 
173 trees: 83 trees: | 71 trees. 37 trees. 
Total cubic feet... 5 Total cubie ft.. 1,230 
Total feet B. M .. Total feet B. M~. 4,780 


Total yield: White Pine and Hemlock, 33,430 feet B. M., of which White Pine 87 per cent. 
Average annual accretion: White Pine, 71 cubic feet. 
286 feet B. M. 
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Table VI.—dere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continu 


ed. 


THE 


WHITE PINE. 


MEASUREMENTS OF SAMPLE TREES. 


DOMINANT GROWTH. 


Ratio of 


a, | 
| r Rings le length Average 
Tre he Aces oy bec Height. Pet inch Volume | Factor | oferown| Current annual | annual 
waz WV 6 <7 sy) hist Ba on of tree. | shane, |,to total accretion. acere- 
ee stump. | Pe | height of tion. 
| | | tree. 
—— 
| | 
Feet. No. Cu. ft. | Percent. Cu. ft. | Cu. ft. 
98 (4%) | 64.5 0.44 0.45 1.7 1.10 | 0, 64 
106 (?) | 68.4 243 40 2.2 1.50 .70 
104 | 5.3 | iphire 43 45 1.5 1.07 | -70 
100 4.9 | 94.6 — 45 () Leg 1.61 95 
109 | 4.8 | 95.9 | e 2.1 5 - 
103 5.0 | 79.0 iB 


Average ... 


() Srrej: Crawtord County. 


Soil: Gray or light sand, medium fine grain, porous, light, loose, dry (in places fresh), with a 
moderately leafy surface cover. 
Forest conditions: Open stand of mixed White Pine and Norway Pine with scattering White 


Birch and occasional Oak, Hackmatack, and Banksian Pine ona level plain along the banks of 
a river; undergrowth scanty, of young Fir, Cedar (Thuja occidentalis), and a few small Oaks. 


MEASUREMENTS OF SAMPLE TREES. 
Age class: 90 to 110 years. 


DOMINANT GROWTH. 


——e 
i = ae _ ‘ 
Diameter elcah | ee Factor | length omen 
: per inch Volume ofcrown, Currentannual | annua 
Tree number. Age. | = Height. on of tree. an to total accretion. acere- 
gh). stump. Be height of tion. 
! tree. 
Inches Feet. No. Cu. ft. Percent. Cu. ft. Cu. ft. 
13.0 94.0 7.6 45.7 0.52 0.51 3.2 1.46 0.42 
14.0 96.0 7.3 50.2 47 47 3.5 1.75 44 
14.8 93.0 6.7 51.4 45 AT 2.2 1.14 47 
15.3 85.0 6.5 53.3 AT .37 2.5 1.33 -50 
16.5 104.0 | 6.5 64.3 -41 .30 2.2 1.41 - 58 
17.0 101.0 | 6.3 | 67.6 42 -59 1.8 1. 22 . 62 
17.0 100.0 6.1 | 12.4 45 (?) 3.4 2.46 65 
18.3 103.0 | 5.8 | 85.5 44 56 2.5 2.13 76 
20.5 105.0 4.8 99.1 | 41 .49 1.9 1.88 91 
20.8 105.0 | 5.0 99.8 .39 42 1.6 1.60 .91 
16.7 | 986 [ 63 | a0 [4 46 2.5 164 | .63 | 
CODOMINANT GROWTH. 
; al 
13.5 94.0 7.0 41.0 C.44 | 0.57 2.0 0.82 | 0.41 | 
44 90. 0 6.6 48.7 47 (7) 4.3 | 2.08 50 
16.5 94.0 4.8 } 65.7 47 . 53 4.0 | 2. 63 . 80 
20.0 100.0 4.4 | 90.9 | 41 46 8.38 | 8.00 91 
16.1 94.5 6.7 | 61.6 45 ia me el ee 65 | 
| | 
Age class: 150 to 160 years. 
DOMINANT GROWTH. 
| | | } 
| 6.6 124.9 0.40 0.36 | 2.4 3.00 | 0. 80 
| 7.0 121.1 | -40 . 58 Le | 1.45 | 80 | 
6.8 123, 0 40] 47 | 2.8 | 2,98 | -80 | 


ee ee Oe ee 
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TABLE VI.—dAcre yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 


(10) SITE k: toscommon County. 


[About 1,000 feet above sea level.) 
Half acre No. 1. 


Soil: Brown, loamy sand, deep, fine (for sand), porous, loose, tresh, and well drained (water stands 
in low ground), with a moderately leafy surtace cover; subsoil, same as soil. 

Forest conditions: Vwo-story stand on a gentle slope, upper story of White Pine (80 per cent) and 
Red Pine (20 per cent), lower story of fine tall Hemlock; undergrowth scanty, of young 
Hemlock, Beech, and dwart Maple. 


Sample area: 1 acre. 


Age of pine: 230 to 240 years. 
Density of crown cover: 0.8 to 
0.9. ” 


Number of trees: 186. 


Classification : White Pine. 
DOUG Centon as Sean cue sm aseiatan vecenel-sceeaide haters aaa rene neeeeeaaes per cent.. 63 
Oppressed... So OBES 21 
SIU PCOS SON eee ase eae ooo ne np ee lan aria aan eee ne eee aeen ater eee semenee sditthese ly 
HALF-ACRE YIELD. 
— 
White Pine. Red Pine. Hemlock. 
} Volume. 
7 Diameter | S Diameter + Diameter 
pyamber (breast Height. | Mer- Number (breast | Height. ralnac (breast | Height. 
| high). Bole. chantable| °* "€®S: high). * high). 
timber. | 
| 
| 
Inches. | Feet. Cu. feet. Feet B.M. | Inches. Feet. || Inches. | Feet. 
6 itt 192 2 | i4 . 32 6tol0 | 60 
2 15 | 80 116 | 2 16 4 10 70 
2 16 6 123 | 4 | 18 80 6 Il | nr, 
4 17 195 288 | 14 | 19 os 2 2 |f 
2 18 160 6 | 21 150 6 14 | 
6 19 528 2 23 . 8 15 
2 20 250 2 24 2 17 
4 21 , 5.0 2 25 2 | 18 
8 22 1, 216 | a) 19 100 
12 24 130 2, 076 2 20 to 
8 25 to 1, 544 2 | 21 120 
6 27 150 1,344 2 29 
3 28 1, 920 2| 3 
| Z 30 | 540 | 2 | 24 
4 33 | 1, 312 | | 
= 
76 trees: 34 trees: 76 trees: 
Motal cubic tee 2--ceens cc enneneree === 12,174 | Total cubic feet. 4, 270 Total cubic feet. 3, 616 
ROtAlOR elena ene a men atene ete 58, 400 Total feet B. M . 20,500 Total feet B. M - 13,000 
[= 
Total yield: All species 20,060 cubic feet, of which White Pine was 61 per cent. 
Average aunual accretion: White Pine, 5? cubic feet. 
248 feet B. M. 
MEASUREMENTS OF SAMPLE TREES. 
Age class: 230 to 250 years. 
DOMINANT GROWTH. 
_ | Ratio of 
is ings ength Average 
Tiree near bar ice Pay Heicht. | Pet inch | Volume actor of crown} Current annual annual 
‘ Be. hich ght. on | of tree. | shape, | to total accretion. accre- 
| 60). stump. Pp height of tion. | 
| tree. 
Years. | Inches. | Feet. No. Cu. feet. Per cent.| Cu.feet. Cu. feet. | 
234 23.2 137 10.0 59. 0 0. 43 0. 39 0.8 1.35 | 0.72 
236 | 23.8 142 9.6 3 44 48 aia 1.38 | - 83 
235 24.5 142 9.2 pal 43 43 Si! 1,39 | ~ 4 
DEY AAS SPLES 140 9.6 | 6 46 = 36 8 1. 62 - 86 
237 24.5 145 9.0 4 -43 40 =o 1.03 . 86 
232 24.7 145 () .0 48 AT 1.0 2. 07 -89 | 
233 25.5 143 8.4 6 42 -42 -5 1.06 -91 | 
237 25.5 145 9.1 | .3 44 44 -9 2.04 - 96 
235 26.0 143 9.0 mi -43 -23 “iy! 1. 62 -98 | 
245 | 30.0 122 (2) | 3.9 -39 35 .8 1. 87 -95 | 
236 | 26.2 145 9.0 2 44 42 .3 0. 72 1.01 | 
236 | 27.0 150 8.5 | 5 45 -41 -8 2.17 1.15 
238 | 29.0 140 7.8 | all 43 40 6 1. 69 1.18 
244 34.0 130 7.0 | wal 42 -62 | =) 1.74 1.42 
233 32.0 144 7.0 6 43 -39 | 1.0 3. 50 1.50 | 
251 27.0 | 120 9.1 206.8 AS 36 | 5 1. 03 . 82 
237 26.6 140 8.7 236.4 | 43 -41 7 1. 64 99 
OPPRESSED GROWTH 
I ] ] } 
| Me aann vowncecen= | 237 | 21 136 11.0 133.8 0.41 0, 51 0.7 0. 94 0.56 | 
SUPPRESSED GROWTH. 
| = 7 | z 
{Mero geme ote 235 | 13.0 120 17.7 61.1 | 0.55 0.31 0.6 0. 37 0.26 
Cae eS eH Sos ood 229 15.3 126 15. 2 86.7 | .52 41 -6 52 - 37 
| Average... | 232 14.1 123 16.4 73.9 53 36 16 5 31 
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TABLE VI.—Aere yields of White Pine and measurements of sample trees—Continued, 


.—MICHIG AN—Continued. 
‘ me Half acre No. 2. 


Soil: Moist, low ground, near swamp. Age of pine: 230 to 240 years. 
Forest conditions: White Pine (51 per cent) and Hemlock (49 per cent). Density of crown cover: 0.5. 
Classification : White Pine. Number of trees: 118. 

DOTA Bassas ccc cpu adele orm noes wvecee see seban san =ssaee sheen ane aden eons per cent.. 0 

Oppressed. .. 10 

Suppressed ... 10 


HALF-ACRE YIELD. 


White Pine. Hemlock. 
| Volume. 
Diameter | Diameter 
Number | ; | Number 
‘ (breast Height. Mer- (breast Height. 
of trees. | high). | Bole. chantable| ° tTees- | “jigh), 2 
| | _ timber. | | 
= = | 
Inches. | Feet. | Cu. feet, \Feet BM. Inches. | Feet. 
2 15 |) 80 116 6 | 6to10 | 60 
4 18 } to 320 6 iM |) 9 
2 19 125 176 4 12 | rs 
2 22 =+4) B04 | 4 13 80 
2 24 360 | 4 14 | 
2 25 400 6 | 15 | 
4 | 26 *| 864 i 6 | 16 10D 
2 | 28 498 6 | 17 to 
4 | 29 1, 064 2 19 30 
6 | 30 130 1, 680 | 10 | 20 7 
2 | 31 to } 604 2.) au 
4 32 150 1, 280 Wl 2 25 
12 33 4, 080 | 
2 Od 720 | 
2 35 762 } 
4 36 1, 604 
2 37 846 
2 38 | 890 
60 trees: 58 trees: 
‘Total cubic feet ..-.-- eowsmoeae cee eae 16, 586 Total cubie feet. 4,490 


Total feet B. M -.---..-.-.,---........ 99,400) | Total feet B. M.- 16,160 
. | 


Total yield ; White Pine and Hemlock 21,076 cubic feet, of which White Pine 71 per cent. 
Averaye annual accretion: White Pine, 70 cubic feet. 


423 feet B. M. 
(11) Sive /: Roscom:uon County. Sample area: 1 acre. 
Soil: Light-brown, dry sand, loose, light, very deep, well drained (?), with Linch mold on top and Age of pine: (1!) 
surface cover of leaves. Density of crown cover: (?) 
Forest conditions: Red Pine (84 per cent) intermixed with White Pine (16 per cent), with occa- 
sional Beech on a gentle slope (angle 5°); no undergrowth. Number of trees: 136. 
Classification : White Pine. Red Pine. 
Momiisign fencaca se ash ate ena aeaw es vane cesta een per cent.. 57 62 
Oppressec atlQoace 31 
Suppressed ........... eset seece eee ae -do.... 19 7 
ACRE YIELD. 
White Pine. | Red Pine. | Beech. 
} | | Volume. 
o Diameter _————— ee Diameter Hl spy. Diameter, j 
Number “(breast | Height. | || Mer. .  Aeamber 1 cireatal Selene Number | “(breast | Height. ; 
*| high). Bole. chantable "| high). | jj Ox trees. | high). 
] | | timber. | | | 
a = | || —ae S| 
Inches. ‘eet. Cubic feet. Feet B.M. | Inches. Feet. . | Inches. Feet. 
2 10 36 | 1 6tol0 1 8to6 | 40 
1 11 32 | | 2 10 1 | 6tol0 i 
1 12 33 | 3 | 1 
2 13 96 | ce 4 12 
1 14 55 | | 13 13 oot nt 
| 2 15 100 126 | 26 4 t | } 
| 2 TOR = tapes 142 16 15 100 | | 
| 3 18 120 261 18 16 
| 1 19 96 16 17 | 
| 2 21 228 18 / | | 
} 2 22 246 5 19 | 
1 23 134 1 20 | | 
1 <7 199 
| | 
21 trees: 113 trees: 2 trees. | 
Total cubic feat.....-ca-+encesceteces 1,689 Total enbiec feet. 6, 207 ( 
Total feet B: M .... 522s ats ence aae 7, 090 Total feet B. M. 26. 060 | 


Total yield: Pine 7,896 cubic feet, of which White Pine 21 per cent. 
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TABLE VJ.—dere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIG AN—Continued. 
(12) SITE m: Roscommon County. Sample area: 4dacres. 
[900 to 1,000 teet above sea level.] 
Acre No. 1. 


Soil: Dry, light-brown sand, medium fine, deep, well drained, with moderately leafy surface cover, Age of pine: 160 to 200 years. 
Forest conditions: Red Pine (53 per cent) with White Pine (39 per cent) antk hardwoods (8 per Density of crown cover: (1). 


cent) on uneven ground; stand open, and open places with Red Oak and Maple. Number of trees: 91. 
Olassification : White Pine. Red Pine. 

ID DEAN ae ag pees EDS ee adoe teccon Cound ahaa ae per cent. . 73 87 

Oppressed ... e<dOs sc. 19 ll 

MUP PLESKO ie emasias ciwelo ences cic ss «a8 oem cainiea ata eee een do.... 8 2 


ACRE YIELD. 


White Pine. Red Pine. | Oak. 
| Volume. | | i | 
o Diameter  — Diameter } ’ | Diameter 
amier (breast Height. | Mer- | See (breast Height. ice) (breast | Height. 
ree bien) | Bole. (chantable ‘| high). } *| high). | | 
| timber. | | 
| | f 
Inches. Feet. [Cubiefeet, Feet B. M.|| Inches. | Feet. | Inches. Feet. 
1 14 | 55 | thf] 13 i] 1 Under3 \ 40 
1 17 | | ose ] Ba a4 3 | 8toe ff 
1 18 88 jhe 15 
3 19 | 288 | 2 16 | 
2 20 210 6 17 | 2 
2 21 208 | 5 18 || 100 j nates 
5 22a arte |emenlors| i 7 19 |} to || ———— 
2 23 | 268 8 20 | 120 =| | 
3 AT eo 438 3.4 21 2 | 3to 6 \ 4 
2 25 BO emai 7 29 2 | 6tol J 
5 26 | 815 2 23° | | / 
4 27 | 732 Be | 24 | 
2 28 | 392 1 5 | | 
1 33 | 267 | 
1 34 ' 283 I} | 
1 39 451 i 
| | | | | 
= } | 
36 trees: | 47 trees: | 8 trees. 
Totalicubic feet--.... . ==. eae 5,553 |} Total cubic feet. 5,360 | 
ROTA GGbib tN werem eee ei slen= ae 26.600 | Total feet B. M . 26,000 |, 
Il | 


Total yield : Pine, 10,913 eubie feet. 
52,600 teet B. M., of which White Pine 50 per cent. 
Average annual aceretion: Pine, 61 cubic feet. 
298 feet B. M. 


Acre No. 2. 


Soil: Dry, light-brown sand, medium fine, deep, well drained, with moderately leafy surface cover. Age of pine: 160 to 200 years 


Forest conditions: Red Pine (75 per cent) with White Pine (25 per cent) intermixed; level. Density of crown cover: (?). 
Classification : White Pine. Red Pine. Number of trees: 153. 
Womans ties esac eee ee ee eee aie el eee per cent... 62 74 
Oppressed - does 25 23 
Suppressed do.. 13 3 O 
ACRE YIELD. 
White Pine. Red Pine. 
Volume. | 
= . | Diameter SSS = _, Diameter 
| atambes (breast | Height. Mer- Mamiber (breast | Height. — 
Orerees eh) || | Bole. chantable "| high). | 
| timber. | | 
3 | —_ — =. 
Inches. Feet. Cubic feet. Feet B. M. | | Inches. Feet. | 
2 § tol / ie ES VG ek | Reese acer | 6told 
1 11 | 3 10 
1 13 9 12 
4 14 | iby | 13 
1 15 | | 8 | 14 100 
i) 16 32 15 to 
de ie eera || | | az | 16 120 
3 18 20 18 17 
3 19 et | 8 | 18 
i 20 | 4] 19 
6 | 21 | | 2 20 
2 22 
3 23 | 
1 25 | | 
ee A BA i el =| a | 
«39 trees: 113 trees: 
‘Total cubic feet = $5892. Total enbic feet. 7,914 
Total feet B. M 15, 980 Total feet B. M. 33, 240 


Total yield: Pine, 11,246 enbie feet. 
49,220 feet B. M., of which White Pine 32 per cent. 
Average annual accretion: Pine, 95 cubic feet. 
273 feet B. M. 
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TasLe VI.—dAere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 


Acre No, 3. 
Soil: Light brown, dry sand, medium fine, deep, well drained, with a moderately leafy surface Age of pine: 160 to 200 years, 
cover. Density of crown cover: (!) 
Forest conditions: Red Pine (90 per cent) intermixed with White Pine (10 per cent); level. Number of trees: 117. 
Classification: White Pine. Red Pine. 
Domina bocce. csccon-ccaptecteune Rivvercescuessicceoseacs per cent... 75 80 
Oppressed. .. - 17 12 
Suppressed 8 8 
ACRE YIELD. 
White Pine. Red Pine. 
| | Volume. 
.» Diameter re | Diameter 
spite T (breast | Height. | Mer- aa (breast | Height. | 
8: high). Bole. chantable ‘| high). 
| | timber. i 
Inches. | Feet. |\Oubic fect Feet B. I. | Inches. | Feet. 
1 6G to 10 ( 10 5 Gtold 
1 13 | 48 1 a0) 
2 l4 110 1 B% 
1 pe. Oo) 6 6 12 | 
1 20 0) 105 3 13 
8 22 = 369 | 12) | l4 
2 | 25 | 314 | 10 15 100 
Le | 26 169 15 16 to 
| 25 17 120 
| . | 12) 18 
| 7 19 
| | Bein. fa20 
Z| 2t 
ay | 22 
| L-\ 23 
12 trees: || 105 trees: 
Totalaubio feet c- ttna-5 messes. eee 1, 22: Total cubic feet.. 8,170 
Total feet; Bi Min. 2 .c-ecneceses Seeeeeaa 5,120 = Total feet B. M.. 34, 300 


Total yield: Pine, 9.391 cubic feet. 
39,420 feet B. M., of which White Pine 15 per cent. 
Average annual accretion: Pine, 52 cubic feet. 
219 feet B. M. 


Acre No. 4. 
Soil: Light-brown, fresh, loose sand, medium fine, deep, well drained, with a moderately leafy Ageof pine: 160 to 200 years. 


surface cover. Density of crown cover: (1). 
Forest conditions: Red Pine (61 per cent) intermixed with White Pine (33 per cent) and hard- 

woods (6 per cent); scattered young Oak and Beech on uneven ground. Number of trees: (1). 
Classification : White Pine. Red Pine. 

Dominant .......-----.- per cent.. 47 72 

Oppressed... eG ad 15 

PROD DECMMOUT << snes seat. (amen alae etense aan maaan ah = bots do.... 39 3 


ACRE YIELD. 


White Pine. | Red Pine. | Oak. . 
| j Volume. | 
Num- Dikiuiake ri paceal Num- | Diameter | Num- Diameter 
(breast Height. chine ber of | (breast Height. ber of (breast Height. 
high). | Bole. able || trees- high). trees. | high). | 
timber. 
Inches. | Feet. Cubicfeet. Ft.BM Inches. | Feet. 
6 6 to 10 ] 63 1 11 
3 10 M4 2 12 | 
3 ll 96 -} 13 
1 12 38 6 14 } 
2 13 96 acy 15 | 
2 uM 110 |} Ie eae ll 
4 ag 252 8 7 If 90. |] 
8 1 100 213 13 | i 
4 13 |} to ¢} 352 | 12 19 | | Beech., 
2 at 120 192 12 20 
2 20 210 2 21 | 
4 29 492 2 22 3 3 to 6 40 
3 53 268 3 | 6to10 od 
1 25 157 1 13 60 
3 26 507 1 14 
1 97 183 | 
1 34 \ 283 | 
Pee ee eee ae ee 
| 44 trees: 85 trees: | 9 trees 
Total cubic feet: -.-22-6eeccew ss 3, 563 Total enbie ft. 7,572 
Total feat. Ms 2s. seesee eee 14, 960 Total ft. B. M. 31 


Total yield: Pine, 11 cubic feet. 

46,760 feet B. M., of which White Pine 32 per cent. 
Average annual accretion: Pine, 62 cubic feet. 
259 feet B. M. 


TABLES OF MEASUREMENTS. 


TaBLe VI.—dere yields of White Pine and measurements of sample trees—Continued. 


A.—MICHIGAN—Continued. 
MEASUREMENTS OF SAMPLE TREES. 


Age class :. 160 to 180 years. 


DOMINANT GROWTH. 


| = Ratio - 
Diameter Rings Factor | length | Average 
. 5 so perinch Volume ofcrown | Carrent annual annual 
‘Tree number. AEE neat | Height. on of tree. shapes tone total | accretion. acere- 
Poet stump. Des height of tion. 
| | | | tree. 
Years.) Inches. Feet. No. Cu. ft. Percent. Cu. ft. Cu. ft. 
178 24.2 118 7.5 170.1 0, 46 0. 54 1.2 2. 04 0.95 
173 27. 2 121 | 6.2 218.8 45 28 | ath 1.53 1. 26 
163 | 26.5 120 | 6.2 211.0 H 46 31 | AY 1.47 1.29 
6 | 9 1. 68 1.17 
4 aa 2.25 95 
9 | «2 2. 42 1.07 
5 aT 2.0 1.54 
‘ou |) Meee neal) 
| 
0 9.9 118.4 | 0.48 | 0. 26 0.8 0.95 
0 11.5 79.2 | -41 51 | 15 1.19 
0 9.1 111.8 46 32 | .8 - 89 
. 0 7.4 128.6 | 36 38 1.0 1.28 
-0 iat 134.3 45 44 1.5 2.01 
Average...| 184 | 20.9 | 112.5 |¢ 8.9 113.5 | 42 41 1.2 1.34 | 
| | | 
OPPRESSED GROWTH. 
BOsse ss ceesene sees 165 | 18 103 S| e759 0.47 0.46 5 | 1.05 0.53 
I | 
Age class: Over 200 years. 
DOMINANT GROWTH. 
| ih eres senaoagce4 | 211 28.5 | 119 7.3 218.9 0. 41 | 0. 63 1.3 2.84 | 1.03 
\ | | | 


OPPRESSED GROWTH, 


| HG ecpnceeecoesaces | 206 22 119 | 9.7 | 144.4 | _ 0.46 | 0. 38 | 0.6 | 0.87 | 0.70 


20233—No. 22 9 
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Tasie VI.—dAcre yields of White Pine and measurements of sample trees-—Continued. 


A.—MICHIGAN—Continued. 
(13) SITE n: Roscommon County. Sample area: lacre. 


[900 to 1,000 feet above sea level.) 


Soil, Ligh.-brown, loamy sand, fresh, light, loose, fine, well drained, with 2 to 3 inches mold on Age of pine: 160 to 200 years, 
top, and a surface cover of abundant leaves. Density of crown cover: (?) 
Forest conditions: Uardwoods (69 per cent) mixed with White Pine (31 per cent) situated on a 
slope (angle 10°); undergrowth seanty, of young Oak and Beech. |Thesingle Red Pine stand- 
ing rather exceptional. About 20 to 25 per cent of Red Pine would have been more typical.] Number of trees: 130. 


Classification: White Pine. 
Dowminentootsasce deus oe chee ale asks ae ee eee ee cere cenes eames een ee 80 
Oppressed Se 10 
Suppressed 10 


White Pine. Beech. | Rock Maple. 
| Volume. | Ce 
= Diameter Oe ‘Diameter amb ameter 
Number : | | || Number : | Number 
(breast | Height. | Mer- | | (breast | Height. || 5 3, (breast | Height. 
of trees: | high). | Bole. |chantable| °f trees- | ‘nigh). Reon hi ghy 
timber. | 
} \|- — se ay 
| Inches. | Feet. Cubic ft. Feet BM. Inches. Feet. Inches. 

2 ha 11 32 | | 26 = 3B to 6 0 
3 13 159 34 6 to 10 

1 14 60 4 ll 

1 15 | 72 | 6 12 

1 17 | 90 1 13 

2 20 | 240 | 1 14 

3 21 | 387 1 15 

3 23 | 477 1 16 

1 24 100 166. 1 18 

3 25 to 555 | 

3 26 | 130 600 | 

4 27 864 

4 28 | | 924 

1 29 | 247 

2 31 560 

2 32 594 

2 33 | 630 | 

2 34 668 

1 36 | | 373 

a 
40 trees: 75 trees. 15 trees. 
Total cnbio feet... -- 2. -encacecconce 7, 698 
otal feet. Misce--occ-n-e eae e sus 36, 950 
| 


Average annual accretion: White Pine, 42 cubic feet. 
205 feet B. M. 


TABLES OF 


MEASUREMENTS. 
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TABLE VI.—Aere yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN: 
(1) SITE a: 


Was 


hburn County. 


[1,200 feet above sea level.) 


Acre No. 1. 


Soil: Fresh clay, underlaid by hardpan of clay and stones; 4 inches of mold, surface cover leafy. 
Forest conditions: Two-story stand, White Pine occupying upper story, hardwoods (Maple, 
Yellow Birch, Elm or Basswoods, or Hornbeam) the lower story; undergrowth dense, of 


young hardwoods, 1 to 3 inches in diameter, 20 to 30 feet high. 


ardwoods, 44 per cent. 


Classification: 


White Pine, 56 per cent; 


White Pine. 


Sample area: 2 acres. 


Age of pine: 200 to 220 years. 
Density of crown cover: (!). 


Number of trees: 76. 


Dominant .. 73 
Oppressed. . 9 
Suppressed 18 
ACRE YIELD. 
White Pine. Maple. 
! Volume. 
| ap | Diameter (== ] o Diameter 
Maniber (breast | Height. | | Mer- pp aa (breast Height. 
Ce ahi gh | Bole. chantable!) © *T°*S:) high). 
| | timber. 
Inches. Feet. Cubicfeet. Feet B.M. Inches. Feet. 
2 11 | 64 | 1 | 3to 6 40 
3 14 | 165 18 6 to 10 60 
1 16 | 80 ret 3 l0told 80 
1 17 79 
to = 
‘| abad 8 
1 20 | | 105 Elm. 
91 «| | 2 
1 21 1l4 
3 22 | 420 ' 
3 24 | 480 2 6 to 10 | 60 
2 26 B84 
3 27 | 621 =. ax. 
4 a 120 || ie Yellow Birch. 
a 30 x0 1,040 
1 31 ib "280 
23) a 1 6 to 10 60 
: ae se 4 |10to 14 
4 33 1, 260 Dn\tagete tie tes 
2 34 694 
1 35-7 | 367 
1 38 429 \| 
43 trees: 33 trees: 
Total cubic feet f 
MotalreetiBs Mos ssese nese een ee 
aan a 


Average annual accretion: White Pine, 38 cubic feet. 


252 feet B. M. 
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TaBLe VI.—dAere yields of White Pine and measurements of sample trees—Continned. 


B.—WISCONSIN—Continued. 
Acre No. 2. 


Soil: Fresh clay, underlaid by hardpan of clay and stones; 4 inches of mold, surface cover Age of pine: 200 to 220 years, 
leafy. ¢ ; F Density of crown cover: (1) 
Forest conditions: Two-story stand, White Pine occupying the upper stery and hardwoods 
(Maple, Yellow Birch, Elm or Basswood, or Hornbeam) the lower story; undergrowth scanty, 


of young hardwoods and Fir. White Pine, 52 per cent; hardwoods, 48 per cent. Number of trees: 132, 
Classijication: White Pine. 
Dominant......-- Shinkiw av ne s¥ecue ee tle gore s < t heaas erate aan men aaa per cent... 75 
Oppressed ... lOsae~ 22 
Suppressed ........----s-+sececcccccsscecccneccccsnessenenesnncccsennsceseeas Cs 8 
ACRE YIELD. 
White Pine. 
| ] Volume. | 
Diameter |— 7 — || wumber | Diameter 
Number _ . Yon A 
(breast | Height. | Mer- |i. (breast | Height. 
of trees. | ‘high). Bole. jchantable|| °! t™€€8-| high). = 
timber. I 
Inches. Feet. Cubic feet. Feet B. M 4 Inches. | Feet. 
1 | 4 55 5 Btob | 40 
1 16 | 80 fl | 
in ec | 
0 | 
i | a || 120 |) 114 Elm. 
2 22 rts 
6 23 8 
9 | 24 1, 440 1 | 3to6 | 40 
3 25 
6 | 26 1, 152 . 
5 27 1,035 ornbeaxnt 
| 28 1153 | ornbeam 
6 29 | 1, 482 |e 
3 30 | 120 5 3to 6 40 
2 31 |} to 560 
1 33 ( 140 315 4D ieceeaee |e ies 2 
1 o4 347 
8 35 1,101 / 
3 | 36 1,161 | Yellow Birch. 
1 37 408 I . 
1 38 429 j 
1 39 485 12. 3tol0 
3 40 1,521 | 16 6t010 
| i} 2 10tols 
F | 3 14tol8 
| Lea 19 
i Butternut. 
| | 
| ne | Leche | 
| 1 | 6tol0 | 
| 1 
| 
| Basswood. 
| ; 
I 9 | 3106 | 
i} 6 6 told 
69 trees: | 63 trees. 
Total cuvie fect. --------524--~e-- = 15, 849 ‘ 
Total feet B. M ......-..0--- cece se 95,040 


Average annual aceretion: White Pine, 75 cubic feet. 
452 feet B. M. 


MEASUREMENTS OF SAMPLE TREES. 


| — o | 

Diameter Factor | length | Avera 
Tree number. Age. | (breast | Height. es ° beat: Perens 
high). shape. heightof tion. 

} tree. 

| Years. Inches. Feet. | Cu. ft. 

204 24.7 102.0 166 0.49 0.45 

221 27.0 113.0 | 183 41 37 

213 27.0 121.5 191 140 53 

214 26.0 | 126.0 201 43 52 

216 26.8 | 126.0 , 210 42 46 

202 24.0 | 134.0 187 44 40 

204 29.0 | 152.0 238 39 39 

212 29.0 | 133.0 250 41 42 

| 213 | 30.0 | 133.5 291 44 47 

211 27.0 | 124.0 | 213 42 44 
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TABLE VI.—Acre yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN—Continued. 


(2) SITE c: Washburn County. Sample area: 3 acres. 


[1,400 feet above sea level.] 
Acre No. 1. 


Soil: Light-colored clay, underlaid by sand at a depth of about 2 feet; fresh, moist in hollow, Age of pine: 200 to 220 (few 160) 
with 3 inches mold on top and surface cover of leaves. years. 

Forest condutions Two-story stand of typical open pine growth, upper story ot White Pine Density of crown cover: (?) 
(22 per cent), lower story of hardwoods (74 per cent), mainly Rock Maple, scattering 
Yellow Birch, and oceasional Elm, Hornbeam, and Fir (4 per cent); undergrowth, moder- 
ately dense, of young hardwoods. 


Number of trees: 88. 


ACRE YIELD. 


White Pine. Rock Maple. Yellow Birch. | Elm. 
\|- ; | 
| | Volume | | | 
4 | aga § | | \ | 
Num- Banat | Mer. | Num- Diameter, | Num- | Diameter Num- Diameter 
ber of Bieseu Height. Henn ber of | (breast |Height.| ber of | (breast |Height. berof (breast Height. 
trees, |"! | Bole. | “1#R™ | trees. | high). trees. | high). trees. high). | 
high). | able | | sa 
| | | timber. | | \| 
| } | 
| | 
Inches. Feet. Cu. ft. |Ft.B.M| | Inches. | Feet. || Inches. “eet. Inches. | Feet. 
2 18 80 | 160 | 18 | 3to 6 | 40 1 3to 6 40 1 15 80 
1 19 to | 87 | 24 | 6tol0 | 60 3 | 6to10 60 ! 
i 21 120 103 | 6 |10tol4 80 | 2 |10tol4 80 
2 23 318 | | 1 17 80 | 1 15 80 | Hornbeam. 
2 26 | 400 | 1 19 80 |) 1 16 80 | 
iy 28 231 | 1 17 80 | 3 3 to 6 | 40 
1 32 120 297 1 20 80 | 
1 33 ah 315 | 1 31 | Over || 
1 34 mo )| 384 | 80 || Fir. 
35 | | 706 I} 
3 38 | | 1,335 | | 4 | 3to6 | 4 
1 40 | 490 | | 
1 46 638 i 
| \ 
19 trees: 50 trees. 11 trees. 8 trees. 
Total cubic feet - 
Total feet B.M ..........-.. 


Average annual accretion: White Pine, 


26 enhie feet. 
155 feet B. M. 


Acre No. 2. 


Soil: Light-colored clay, underlaid by sand at a depth of about 2 feet; fresh, moist in hollow, Ageof pine: 200 to 220 (few 169) 
with 3 inches mold on top and surface cover of leaves. 
Forest conditions: Two-story stand of White Pine (44 per cent) mixed with hardwoods (53 per Density of crown cover: (?) 


cent), upper story of pine, 


years. 


the lower story of: hardwoods (Rock Maple intermixed with 


Yellow Birch and scattering Hornbeam and Elm) and occasional Fir (3 per cent); no under- 


growth. - P b Number of trees: 136 
Classification : White Pine. 

OMMNAN Ease seca nas setccl ena sioeeint wines tena es eiptote terete = ee ine leis per cent.. 68 

Oppressed - F do.... 26 

Suppressed do... 6 


ACRE YIELD. 


Average annual accretion: White Pine, 


58 cubie feet. 
347 feet B. M. 


White Pine. | Rock Maple. 
| —— _ _ 
Volume. | 
Diameter Diameter 
mae (breast | Mer- | boi (breast | Height. 
ree eae hys Bole. |chantable *| high). 
timber. | 
} | 
| Inches. |Cubicfeet. Feet B.M. Inches. Feet. | 
4 | 6tol0 | 40 | 36 3to 6 40 | 
4 | 14 20 16 | 6tol0 60 | 
4 18 320 | | 
; 4 Her | Yellow Birch. 
12 24 1, 992 
4 26 800 | | 12 \ 6 to 10 60 | 
4 29 988 | \| 4 lWtold | 80 
8 31 | 2,240 4 |idtois jf 
8 32 | 2,376 et 
ad (Saka |e Fir. 
| | = 
| 4 | 3to6 | 40 
60 trees: 76 trees: 
Yotal cubic feet.....-..--- 12, 136 
Total feet B. M...-....... 72, 810 
U ——— SS 
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Tarte VI.—dere yields of White Pine and measurements of sample trees—Continued, 


B.—WISCONSIN—Continued. 


Acre No. 3. 
Soil: Light-colored clay, underlaid by sand at a depth of about 2 feet; fresh, moist in hollow, Age of pine: 200 to 220 (few 
with 3 inches mold on top, and surface cover of leaves. 160) years. 


Forest conditions: Two-story stand of White Pine (40 per cent) mixed with hardwoods (47 per Density of crown cover: (1). 
cent), upper story of hardwoods (Rock Maple intermixed with Yellow Birch and scattering 
Hornbeam and Elm? and occasional Fir (13 per cent); moderately dense undergrowth, of very 


young hardwoods. Number of trees: 123, 
Classification: White Pine. 
Dominant <.<<c<s< <cesessn<ss scdccpelsePeete- + hhesee +a ta-n=sneuaeenenes per cent.. 76 
Oppressed. . =e dolce. 8 
Suppressed. ... . do.... 16 
ACRE YIELD. 
White Pine. Rock Maple. Elm. 
fj 
Volume. 
lac Diameter *. Diameter | Diameter 
Number : | Number : | Number | 4 
ag | (breast | Height. Mer- ? (breast Height. (breast | Height. | 
of trees. | high). | Bole. chantable| ! tS: | igh). || of trees. | ‘nigh. ae 
| | limber. i | | | 
— | | | ' 
|| ! 
| Inches. Feet. |\Cubiefeet. Feet B. M. Inches. | Feet. | Inches. | Feet. 
1 13 44 | 18 | 3to 6 | 40 | 1  6tol0 60 
1 15 58 19 6tol0 60 1 14tol8 80 
2 7 80 1i4 | | 6 10tol4 } 80 
3 18 to 4 | H 1 l4tol8 
1 19 120 | 
5 20 480 Basswood. 
3 es tt | Yellow Birch. | 
1 25 185 | i 1 | 60to10 | 60 
2 26 400 | | I 
3 oF 648 | a 3to 6 40 ||= = 
3 28 | 693 2 6 to 10 ou Fir. 
9 29 | 494 3 | 1l0tol4 i) 
Te 30 520 , “ ~ | 
| 81 120 1, 400 | | | | 
: x ro aa I 13 | 12 | 3to 6 40 
1 34 140 || 334 1 19 - Sito10 60 
1 35 353 
3 36 1, 203 
1 37 423 | 
2 42 | 1, 074 
1 43 | 562 
1 44 584 
| Lil 46 | 638 
== : - | — 
50 trees: 54 trees. \} 19 trees. 
Total cubic feet. 3 - 12,169 | | 
Total feet B. M. - 73,000 | | 


Average annual accretion: White Pine, 58 cubic feet. 
348 feet B. M. 


MEASUREMENTS OF SAMPLE TREES 
“Age class: 100 to 150 years. 


| anoet 
| Diameter Factor | length | Average 
Tree number. Age. (breast | Height. Volume of seen ener 
| high). shape height of tion. 
tree. 
| - ° 
| Years., Inches. | Feet. | Ou. ft. Ou. ft. 
rps eee | 107 18.5 86.0 63 0.39 | 0.44 0.59 
18.0 80.0 70 249 :63 :67 
| 18.7 86.5 74 245 .61 3 
| 19.3 40.0 81 146 | 255 +68 
14.0 75.0 | 41 152 40 ‘41 
ee | | 
17.7 | 88.5 66 46 coon | eel 
12.8 77.5 34 49 -30 | «34 
13.2 73.5 36 51 248 135 
14.0 75.0 46 157 :37 | 46 
15.7 79.5 56 52 58 55 
22.2 83.0 97 43 249 94 
18.8 86.0 81 149 .50 70 
17.0 86.5 69 +50 41 £59 
5.6 41.5 4 156 ABB), |G ass 
anier0 75.0 53 51 Wout waan 
15.8 | 91.0 52 PAGt| Saco ce | 50 
15.5 96.0 63 £50 251 61 
16.5 98.0 65 | 44 ‘41 64 
19.5 100.0 95 BAB | Rene aseee 90 
14.0 94.0 50 | 50 138 50 
17.0 | 104.0 72 | 44 | 45 . 69 
16.5 106.0 68 143 zai 167 
18.5 | 109.0 9 | 147 138 91 
16.6 | 100.0 | 7 “46 42 68 
2.0 | 105.0 118, |' «386 31 86 
27.8 | 108.0 201 44 43 1.42 
199.5 | 26.0 | 106.5 190 | a | ST 114 
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TaBLE VI.—Aere wields of White Pine and measurements of sample trees—Continued 


B.—WISCONSIN—Continued, 
MEASUREMENTS OF SAMPLE TREES—Continued. 


Age class: 150 to 200 years. 


| ey ‘A 
Diameter, | Factor engt : Reteee 
Tree number. Age. | (breast | Height. | yeas of rere annual 
| high). a of tree, shape. to tota accre- 
H height of, tion. 
| tree. | 
| = : maa Na == 
Years. | Inches. Feet. Cu. ft. | Cu. ft. 
| 207 19.0 94.5 | 94 0.50 0.45 5 0.45 
| ous | o28 | seo | aa | i483 | ‘40 38 
195 24.2 97.0 | 133 43 | 82 68 
197 24,2 112.5 146 41 54 74 
196 | 23.0 116.0 154 46 46 79 | 
205 3.5 1135 | 161 47 42 78 
198 5.8 106.5 | 166 .43 42 84 
217 5 114.5 192 .35 .58 88 
197 0 115.0 226 45 | . 63 1. 20 
210 .0 115.0 253 2 59 1.20 
202 5 127.5 282 44 47 1.40 
205 33.3 20. 4 2 : 1.48 
20s | 366 | ios | tor | la | 39 3 
204 25.3 116.5 175 43 -51 86 
995 28.2 110.0 75 B .50 78 
206 28.5 103.0 183 40 43 89 
207 28.5 119.0 213 “ . 34 Ae 03 
204 32.0 111.5 274 4 54 34 
205, 32.0 115.0 281 44 | 69 1.37 
200 34.0 117.0 285 39 -43 1.43 | 
201 28.3 119.0 208 | 40 .61 1.03 
ee ee SS | 
204 27.0 111.0 195 47 49 1.75 
195 16.0 | 108.0 75 47 44 . 38 
je | EE —— ++: a 
| 
22.2 95.0 | 115 0.45 0.63 | 0.87 
29.0 116.0 | 216 41 5D 1.13 
28.5 120.0 262 49 .52 1,21 
34.5 128.0 | 308 .87 . 56 1.40 
35.0 126.0 | 342 41 39 1.65 
29.8 117.0 249 . 43 .53 1.19 
| 
34.0 118.0 | 
| 35.5 121.0 | 
35.0 116.0 | 
34.0 120.0 | 
33.5 141.0 | 
37. 0 128. 0 | 
| 38.0 | 114.0 
38.0 127.0 | 
37.0 | 127.0 | 
| 42.0 140.0 
43.0 144.0 
50.0 | 138.0 
38.0 | 128.0 
25.0 | 105.0 
29.5 | 103.0 
28.7 96.0 
39,0 101.5 
PEM | GWE BG 
Average...) 159 | 28.0 | 104.0 | 
| | | 
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Tanie VI.—dAere yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN—Continued. 
(3) SITE e: Barron County. Sample area: 3 acres. 
Acre No. 1. 


Soil; Clayvey loam mixed with sand and stones, leaf cover underlaid by 2 to 4 inches mold; subsoil, Age of pine: 160 to 200 (few 
clay in places and in others sand. ) to 100) years. 

Forest conditions; Ridges covered with White Pine (65 per cent) intermixed with hardwoods (32 Density of crown cover: (1). 
per cent), mainly Rock Maple, few Yellow Birch, Hornbeam, Basswood, and occasional Elm, 
with scattering Fir (2 per cent) and Red Pine (1 per cent); hollows sometimes fall of water, 


but more often open, grassy swamps, with Alder and Hackmatack, fringed by pine. Number of trees: 166, 
Classification: White Pine. 
DOMINENGs ene caceesse- ses Seba nh ieee alana platen) oleae ane eee oe 57 
Oppressed . -- 30 
Suppressed do.... 13 
ACRE YIELD. 
5 c 
White Pine. } Red Pine. 
| Volume. | | 
Diameter (ct a ee ae | Diameter 
Seale (breast Height. | Mer- | ater | (breast | Height. 
"| high). | Bole. chantable "| high). | 
| | timber. — | ] 
Inches. | Feet. Cubic feet. Feet B.M.. Inches. | Feet. 
4 6told | 40 | 2 18 100 
4 | 112 | 
: 12 204 | 
13 78 
6 | M4 80 270 | Maple. 
10 | 15 to 520 
8 16 100 | | 
2 17 ah | 20 3to 6 40 
6 18 432 | 18 6 to 10 | 60 
4 19 316 | 
8 20 va | 
2 21 24 r i 
ri 39 536 Yellow Birch. 
4 23 gt 
6 24 918 | 
8 25 || 10 1, 368 Cty Le = 
6 26 to 1,110 
4 27 130 796 
2 28 426 Hornbeam. 
8 30 | , 1,920 
4 | 32 548 
2 33 582 6 | 3 to 6 40 
Basswood. 
4 | 3 to 6 40 
{ 
Fir. 
| ’ 
4 | 3to6 40 
108 trees: 58 trees. 
Totali¢nhio 16Gt..--=-----59e00-ss05a5 ae 12, 290 
Total féet BuMiin- <5. = <20gecseae-senncs 58, 990 


Average annual accretion: White Pine, 65 cubic feet. 
310 feet B. M. 
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TaBLE VI.—dere yields of White Pine and measurements of sample trees—Continued, 


B.—WISCONSIN—Continued. 


Acre No.2. 


Soil: Clayey loam mixed with sand and stones, leaf cover underlaid by 2 to 3 inches mold; subsoil, Age of pine: 160 to 200 (few 
clay in places and in others sand. - 90 to 100) years. 

Forest conditions: Ridges covered with White Pine (49 per cent) intermixed with hardwoods Density of crown cover: (?). 
(51 per cent), mainly Rock Maple, few Yellow Bireh, Hornbeam, Basswood, and occasional 
Elm, with scattering Fir and Red Pine; hollows sometimes full of water, but more often open, 


grassy swamps, with Alder and Hackmatack, fringed by pine. Number of trees: 110. 


Classification : White Pine. 
Dominant... per cent.. 78 
Oppressed . =: 22 
Suppressed 0 

ACRE YIELD. 
White Pine. | Maple. | 
Volume. | | 
Diameter - _» Diameter 
Number | (breast | Height. | | Mer. | Number “(breast | Height. 
‘| high). Bole. chantable ‘| high). 
timber. | 
| | 
Inches. Feet. Cubicfeet. Feet B.M. | Inches. Feet. 
z 6 to 10 80 20 | | 26 3to 6 40 
2 19 to | 158 16 | 6to10 60 
2 20 100 172 ) 2 |10tol4 80 
4 21 496 | 
4 22 536 
2 23 292 | Yellow Birch. 
10 24 1,530 | 
2 26 370 
10 call er 1,990 2 23 | 80 
2 28 | 130 426 ] 
2 29 456 |] 
6 30 480 \| Hornbeam. 
2 32 548 | 
2 35 | 652 \| 
9 42 1, 074 | 10 3to6 40 
54 trees: | 56 trees. 
Total cubic feet i 
Total feet B. M..--- | 


Average annual accretion: White Pine, 48 cubic feet. 
216 feet B. M 
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TABLE VI.—-lcre yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN—Continued. 
Acre No. 3. 


Soil: Clayey loam mixed with sand and stones, leaf cover underlaid by 2 to3 inches mold; subsoil, Age of pine: 160 to 220 (few 90 
clay in places and in others sand. to 100) vears. 

Forest conditions: sey covered with White Pine (59 per cent) intermixed with hardwoods (38 Density of crown cover: (1). 
per cent), mainly Rock Maple, few Yellow Birch, Hornbeam, Basswood, and occasional Elm, 
with scattering Fir (3 per cent) and Red Pine; hollows sometimes full of water, but more 


often open, grassy swamps, with Alder and Hackmatack, fringed by pine. Nimber of trees: 144. 
Classification: White Pine. 

Dominant per cent.. 61 

Oppressed *e = ae dols.. 15 

Suppressed..........------- 1 acvisn etn Unehe deen eva avaroenca sone ts sds asesxess - do... a4 


ACRE YIELD. 


White Pine. | Maple. 
| Volume. 
= Diameter SSS Diameter 
| Namber “(breast | Height. | Mer. | Number |" (hreast | Height. 
> high). Bole. chantable| 0! T€€8-| high). | 
| timber. | 
| | i r 
Inches. | Feet. Cubiefeet. Feet B. M. Inches. Feet. 
3 | 6tol0 30 22 | 3to 6 40 
ey ll 238. | 11 | 6to10 60 
1 | 13. | 39 
5 i 80 2 | 
1 1 to 
ul 7 | 100 715 al) Hornbeam. 
3 18 | 360 
7 19 | 553 
6 20 |) 516 | 3 Sto6 40 
} 4 21 | 496 
| 4 22 536 
= | oe Tasswood. , 
5 25 | 855 
7 Bs 
5 Fd aa a 4 | 3to 6 40 
4 28 130 852 2 | Sto10 60 
1 29 228 
5 30 1,200 
2 31 | 518 Fir. 
Ts 32 | 274 
1 34 | 360 } 
x 4 ae 5 3to6 40 
1 38 He 445 
1 40 | 490 
85 trees: | 49 trees. 
Motaleubic tedts-s-csas6see= spo saee 11, 795 
‘Total feet B. M 


ee 


Average annual accretion: White Pine, 62 cubic feet. 
298 feet B. M. 


TABLES OF MEASUREMENTS. 139 


TabLe V1I.—Acre yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN—Continued. 
MEASUREMENTS OF SAMPLE TREES. 


Age clags: 200 to 220 years. 


Mie ie wa ] 
eet of | ie 
Diameter lise Factor | ength MeLBES, 
Tree number. Age. (breast Height. V ae of cr Ebel ts 
high). pa easnee. shape. OOO SRI ACE Ne 
| heightof tion. 
| ‘| tree. | 
Inches. Feet. Cu. ft. | | Cu. ft. 
thee 27.3 | 123.0 219 0.44 0.59 | 1.07 
Pals 25. 2 137.0 227 4 +40 1.08 
os 81,0 | 127.5 246 37 35 1.19 
Aae 29.5 116.0 239 243 -ol 1.20 
ove 29.2 | 130.5 282 46 29 1.37 
6.. 30.0 133.0 284 43 52 | 1.38 
Use 34.0 118.5 202 . 39 37 1.40 
5 36.0 113.5 312 39 38 1.46 
9 39.0 130.0 | 415 . 38 49 1.98 
ya fee Se 8 | es ee 
o1.0 | 125.0} 280 | 42 43 1.35 
| | | 
116.0 132 | . 51 64 . 63 
113.0 | 148 | 43 42 | 65 
12).0 | 153 45 45 .70 
107.5 200 46 +28 «97 
121.0 204 | -42 43 1.00 
122.0 210 43 | 5 ial ie 1e02 
104.5 180 41 51 +85 
112.0 186 41 41 91 
Average...| 211 25.0 114.0 1i7 44 42 . 84 
a : oe oe SE 
Age class; 160 to 180 years. 
| 30.0 121.5 206 0.35 | 0.49 1.22 
|e 2822: 120.0 224 | 41 | -50 1.36 
28.4 127.0 257 46 .35 1.49 
17.8 91.5 72 | 46 234 44 
| 23.0 101.0 130 46 oF - 80 
28.0 108.5 167 . 36 a! - 96 
| 25.4 104.0 166 | 45 .o2 1.00 
| =e | uso | va 42 AT 1. 04 
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TABLE VI.—<lre yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN—Continued. 
(4) Srve/s: Washburn County. 


Soil: Light brown sandy loam, medium fine grain, loose, deep, fresh, well drained, with abun- 
dant leafy surface cover. 

Forest conditions: An open stand of hardwoods (Rock Maple, Yellow Birch, and scattering Bass- 
wood, with Hemlock, and oceasional Red Oak, White Birch, and Poplar), in which White Pise 
is scattered in varying proportions, on broken land, with frequent swamps in the hollows; 
undergrowth of young hardwoods, Fir and Hornbeam, and few Hemlock. 


MEASUREMENTS OF SAMPLE TREES. 


Age class: 80 to 100 years. 


| Ri | | | soe Ne A 
Diameter. nS Factor | sonst eee 
| perinch Volume of crown, Current annual aunual 
Treenumber. | Age. ine Height. on of tree. ions to total accretion. acere- 
| BD). stump. Pe ‘height of | tion. 


} tree, 


Per cent. Cubiefeet. Cubic. fect.| 


- 06 
07 


Years.| Inches. Feet. 
of 5.5 37 
62 


6.8 46 se 08 
6.8 38 1206 
6.3 40 | 06 
| 
14.0 | 82 5.5 | 43.0 | 0.49 030 | 40] 41.72 | 0.52 
14.7 84 5.0 ai | ey 142 27 | 43,80-] .60 
15.0 82 46 48.1 | 148 41 52 | 250 | -68 
15.0 83 48 50.8 | 148 “31 3.2} Lee} es | 
19.0 85 3.9 78.2 | 146 137 2.4 | 1.88 96 
18.7 96 3.9 85.7 ial) cas 4.6 | 3,94 96 
85. 6 0 3.7 


| 
6 0.40 3.1 | 0.93 0.36 
3 37 40) 1.29 37 
au 7 "33 roa ee M 
‘ “6 é 154 3.6 | 1.43 “43 
Average...| 84 12.4 84.5 6.0 33.3 | .46 41 3.8 a7 |. | 
| | 


SUPPRESSED GROWTH. 


aa Pan arb TELEST | LL ne a LL me 
127 14 73 6.5 39.7 0.50 0.31 | 4.3 | 1.71 | 0.31 
| ; 


Age class: 120 to 130 years. 


DOMINANT GROWTH. 


l 
90.9 | 0.45 | 0.50 3.4 3.09 | 0.75 | 
131.8 45 58 2.9 3.82 | 1.05 
141.5 | 39 46 1.5 Tne ete 
176.8 47 53 1.6 Deg i ead 
184.5 42 57 7 a Say fal Os PS) 
145.1 44 68) | 8 <2h)|') eargeul laeaete 
Mg | 
Age class: 220 to 230 years. 
DOMINANT GROWTH. 
30.5 116 7.0 237.4 0.40 0.38 | 0.8 | 1.90 1.06 
31.0 112 7.0 246.6 | .42 .56 6 1.48 1.10 
35.3 124 6.0 | 322.2 40 48 | 5 1.61 | 1:41 
35.0 118 6.0 359.9 | .45 44 | 7 2.52 1. 64 
33.0 6.5 46 cn 88 


117 291.5 | 42 | 46 6 | 1,88 | ml 
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Tabie VI.—dAere yields of White Pine and measurements of sample trees—Continued, 


B.—WISCONSIN—Continued. 
(5) SITE g: 


Washburn County. Sample area. 1 acre. 

Soil: ee generally fresh, sand and stone mixed, 2 to 3 inches mold on top, and a surface cover 
of leaves. : 

Forest conditions: Two-story stand, upper story of White Pine (54 per cent) and Red Pine (9 per 
cent), second story of Fir (13 per cen and hardwoods (24 per cent)—Maple, with scattering 
White and Yellow Birch, occasional Oak and Elm, Hemlock ee singly; undergrowth 

» 


Age of pine: 160 to 230 years. 
Density of crown cover: (1) 


scanty, of young hardwoods, uneven land full of drift ridges and he lows, often with steep 
inclines. the hollows frequently full of water. Number of trees: 143. 
Classification: White Pine. 
SPO reli ni sayy Gosetetans'= ste 3 oo ote siete oles wae Sela arn cla ab sree ee ale oa per cent... 70 
Oppressed. - Aeead OU RARA 15 
Suppressed .....-..cccecesceseencce eso e ccc cee cee recncncenenccccnscerecsrences do...- 15 
ACRE YIELD. 
White Pine. I Red Pine. I Maple. 
| | Volume. } | 
Diameter or Diameter 2 Diameter 
Naniber (breast | Height. Mer- || Number (breast | Height. Sumber | (breast | Height. 
“*! high). Bole. jchantable_ *| high). *! high). | 
| | timber. | | | | 
| 
| 
Inches. Feet Cubic feet. Feet B. M. Inches. | Feet. | Inches. Feet. 
8.] 6tol0 | 30 | l} 1 15 | 9 | 3to 6 40 
3 | 11 84 | 2 16 I 16 6 to 10 60 
1 12 80 34 1 17 | | 3 | 10tol4 80 
3 13 to 117 | 2 18 | 80 | 
4 14 100 180 | 1 Siar) toned 
5 15 260 ! 3 20 | 120. | Birch 
! 2 16 116 1 m4 | urcn: 
5 7 325 | 1 25 = 
2 18 176 26 | 
2 5G hier eres " | 2 | 3to 6 40 
5 20 | 525 ! | 3 | 6tol0 60 
8 21 912 1 14 
4 29 | 492 | 1 1 |} 80 
3 93 | 402 | z 
3 24 | 100 438 
5 25 |) to 785 Fir. 
6 26 | 120 1,014 | 
2 27 364 — 
H aed pat |) aaii\"3:to)'6 40 
‘i 30 | | 351 | 2 | 6to10 60 
1 33 | | 267 | i) 
2 34 | 566 || | 
= = | 
\\ |= 
77 trees: | 13 trees: I 53 trees. 
Total cubic dteet---.----------------- 8,682 || Total cubic feet.. 1,469 || 
ITO tal teat bei ane seceee reese ne 41, 600 | Total feet B. M-. 6,160 | 
i I I} 
Average annual accretion: Pine, 51 cubic feet. 
239 feet B. M. 
MEASUREMENTS CF SAMPLE TREES. 
Age class: 220 to 230 years. 
| ane a8 le 
Diameter Factor LOS | enh 
- Volume ° of crown) annua 
Tree number. ANS | reat Height. | of tree. a e, |, to total | acere- 
| S Pp height of _ tion. 
tree. 
| } ~ 
Years. Inches. Feet. Cubicfeet.. Cubic feet. 
216 31.8 A215) 287 0.43 0.40 1,33 
2 5 123.5 B44 42 36 1.55 
116.5 160 -41 40 70 
| 100.0 156 49 ote | 78 
96.0 58 .50 47 | -28 
107.5 157 45 -30 | 71 
118.0 240 | od4 49 1.10 
| Average... 112.0 200 45 | .40 92 
Age class: 160 to 180 years. 
f 
104.5 | 127 | 0.40 0.40 0.79 
119.0 | 172 46 -4L 1.01 
114.0 176 48 +38 -99 
111.5 181 | 45 | 41 1.07 
122.0 217 | A3 46 1,24 
114.0 256 | 44 42 1.52 | 
110.5 | 138 42 54 74 | 
112.0 190 46 28 1,10 
Average...| 172 | 25.5 113.0 182 | 44 .39 1.06 | 
| 1 | 
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TABLE VI.—dAere yields of White Pine and measurements of sample trees—Continued. 


B.—WISCONSIN—Continued. 
(6) SITE w: Lincoln County. 
Soil: Red, compact elay (black on top), well drained, with leafy surface cover. 


Forest conditions: A mixed stand of White Pine (50 per cent), Hemlock (30 per cent), and Birch 
(20 per cent), rolling country. 


MEASUREMENTS OF SAMPLE TREES. 


Age class: 100 to 150 years. 


Diameter Factor | [Diameter] | volume | Factor | 
Tree number. | (breast | Height. hea of Tree number. (breast | Height. Volume of 


| high). of tree. | shape. high). of tree. shape. 
Spee oe <=) — ——= 
Inches. Feet. Cu. ft. Inches. Feet. Ou. ft. 
21.0 97 108.1 0,48 Pe AAC, 86.5 114 308.5 38 
20.5 97 105.8 48 — ee 
36.5 104 276.2 37 Average..... 28.6 103 199. 6 | +43 | 


31.0 132 | 


24.0 117 
24.0 98 35.0 118 
27.0 101 133 
24.0 104 
25.0 87 | 
24.0 121 
24.0 121 | 
33.0 107 | 
34.0 105 
33.0 136 
25.0 105 102. 2 

0 111 105, 2 

0 118 129. 9 

0 97 136. 6 

0 101 139. 4 

0 115 151.7 

.0 115 153.5 

0 106 173.5 

0 119 180. 4 

0 97 | 181.5 

. 0 7 182.7 

<0 98 185. 6 

0 126 194.2 

. 0 115 194.6 

5 127 202. 0 

0 108 208. 6 

0 135 209.7 

. 0 117 215. 4 

0 17 216.6 

5 127 216. 8 

. 0 129 217.2 

0 4 218.8 

0 101 220.7 

0 136 221.1 

£0 14 223.5 

.0 121 228. 4 

0 119 230.8 

0 122 233.1 

0 110 237.6 

0 119 239.6 

0 137 243. 2 

0 128 247.5 

0 128 248 2 

0 105 256. 4 

.0 101 256.8 

.0 119 258, 8 

25 139 260.1 

0 104 261.4 

Age class: 300 to 350 years. 

31.0 115 215.9 0. 36 | a Eee rear | 33.0 136 332.0 0.41 
30.0 | 182 219.8 34 3 ‘ 
30.0 120 231.9 39 || 
36.0 124 240.3 SM | 
33.0 129 296. 2 39 || 
46.0 140 309, 4 19 | 


TABLES OF MEASUREMENTS. 


TaBLE VI.—dere yields of White Pine and measurements of sample trees—Continued. 


C.—PENNSYLVANIA: 
(1) SITE d: 


Clinton County. 
(2,000 feet above sea level.] 


Soil: Rocky, underlaid by sand, stone, or slates in places, sand or clay or a mixture of both in 
varying proportions; no soil to depth of 4 to 5 feet, rocks covered with 3 inches mold, and 
Rock Fern, Laurel, Green Brier, and in openings some Blackberries are seen. 

Forest conditions: Hemlock (60 per cent) intermixed with White Pine (24 per cent), scattering 
Black Birch and Yellow Birch and occasional Oak, Chestnut, and Maple, on steep slopes 
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Sample area: 2 acres. 


Age of pine: 240 to 260 years. 
Density of crown cover: 0.4 
to 0.5; openings near top of 


slope. 


bordering Hyner Run; undergrowth, moderately dense, of young Hemlock near the run and Number of trees per acre: 96. 
Birch and hardwoods above named near top of slope. 
YIELD FOR THE TWO ACRES. 
—_————— eee 
White Pine. | Hemlock. Oak. 
Volume. | | 
Diameter) . Diameter ' Diameter 
omnes (breast | Height. Mer- | Aue! (breast | Height. sa rcabes | (breast | Height. 
9 S-| high). Bole. |chantable *| high). | *| high). 
timber. | 
Inches. Feet. Cu. ft. |Feet B. M.| Inches. Feet. Inches. Feet 
1 10 80 | 10 3 to 6 2 6 to 10 35 to 
2 i 80 } 108 432 24 6 to 10 3 |10to 14 \ 60 
1 13 80 3 uy —— 
3 19 130 . 4 2 | Birch 
4 2 130 |} 959 | 4,494 4 13 | = 
1 23 130 190 1, 000 5 | 14 5 | 3 to06 40 
5 25 130 1, 085 6, 150 9 15 10 | 6tol0 | to 
2 26 135 514 | 2,780 3 16 1 |10to1a \¢ $0 
2 27 135 7 17 1 {14to18 | 
3 28 135 1, 995 9, 800 3 18 80 
2 29 135 8 19 to aie 
3 30 | 135 915 5, 850 5 20 100 one ae - 
1 31 145 310 | 2,000 2 21 3 6 to 10 40 
3 32 145 1,170 6, 900 3 22 1 |10tol4 i to 
5 33 145 8 23 1 |14to18 60 
1 34 43, |} 2400 | 14,400 a 
2 35 | 145 | 960 5, 600 1 26 Maple. 
2 39 145 3) a TPES EEG 
2 40 145 4 2 to 
1 41 7s, (fe || 2 30 3 | 6to10 
a 42 145 | 1 36 1 |10told 
=) 
47 trees: | 146 trees: 
Total cubic feet........-.--.--------- 6, 836 Total cubic feet....-.-----------------+--+++-++ 11, 148 
Motalttert/ ib, Misses c==cecisee= m= <= 39, 603 Total feet B. M.. ee aa ene ae ree iaeaip meee 66, 005 


Average annual accretion: All species, 49 cubic feet. 
264 feet B. M. 


MEASUREMENTS OF SAMPLE TREES. 


Age cluss: 180 to 200 years. 


ean a 


Volume. Lumber 
| product 
| Ratioof | under 
Diameter Height to, Rings | Factor | length | present 
Tree number. Age. | (breast | Height. | base of per inoh Mer- | of | pe eorn Coron 
| high). crown. | stump Tree Rerestes| shape. heightof| used of | 
“al tree. total 
| volume 
| of stem). 
| 
Years. Inches. Feet. Feet. No. Cu. ft. Feet B.M. 
194 26.0 116 56 6.6 170.8 908 | 0.40 0.51 44 | 
199 | 30.0 1l4 56 5.6 214.4 1,273 38 -51 49 
197 26.5 105 56 7.0 183.3 997 -45 46 45 
196 23.0 95 40 7.4 111.1 490 .40 .58 37 | 
199 29. 0 103 52 6.3 220.6 1, 290 46 49 48 | 
189 23.0 104 60 8.0 106. 4 534 .35 -42 41 | 
186 22.0 104 54 7.8 128.0 643 46 48 | 42 
189 25.5 105 45 6.9 176.1 892 | 47 57 | 42 | 
197 | 26.0 101 50 7.3 155.7 791 | 42 +50 | 42 | 
183 | 26.5 | 88 40 7.2 151.2 760 | 45 oh | 41 
Average.... 193 | 26.0 103 | 51 7.0 162. 0 858 42 51 43 | 
\ | | 


Age class: 230 to 250 years. 


DOMINANT GROWTH. 


Average -.- 


Be ae Had besasllegeteyt pres 
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Tabie VI.—Aere yields of White Pine and measurements of sample trees—Continued. 


C.—PENNSYLVANIA—Continned. 
MEASUREMENTS OF SAMPLE TREES—Continued. 


Age class: 230 to 250 years. 


CODOMINANT GROWTH, s) 


Volume. | Lumber 
oy ae ais product 
oe seat i under 
i PF th | present. 
Diameter Height to aera | Factor | (°ns ] 
Tree number. Age. (breast Height. base of | perinck . Mer- of |} ok ah Biome 
high). CrOW a eattoDy | Tree. a shape. | heightof used of 
tree. total 
/ | volume 
| of stem). 
Years. Inches. Feet, | Feet. No. Cu. ft. Feet B. M. 
28.5 132 o4 7.0 | 256.6 1, 583 0.44 0,29 51 
23.0 132 | 78 9.3 | 160.6 766 .42 41 39 
23.5 dl 96 10.1 192.7 1, 066 45 - 82 46 
25.0 135 89 %8 | 203.0 | 1,188 | 44) 94 5 
25.0 120 60 7.1 | 197.6 | 1.100] 48 50 46 
23.0 116 60 93 | 160.4 888 | -48 48 46 
28.0 124 72 (2) ) 224.2 1, 348 42 42 50 
27.0 110 60 7.8 | 190.2 1,070 43 45 47 
| 30.0 120 62 | Tait ls 4268-10. 1,535 45 56 48 
Average. -| 231 26. 118 si | 80 | 2080 | 1,188 245 aches 
(2) Sites: Clearfield County. Sample area: 1 acre. 


[1,200 to 1,500 feet above sea level.] 


Soil: Yellow clayey loam of medium grain (fine shales in it), deep, fresh, well drained, with 2 Age of pine: 240 to 260 years. 
to 3 inches mold on top, and surface cover of scanty leaves, Fern, Teaberries, and scattering Density of crown cover: 0.7; 
PeErepe (Laurel northeast corner and north side); subsoil, laminated shale of indefinite in places, 0.8. 

epth. 

mores! contin: Hemlock (62 ee cent) mixed with White Pine (28 per cent), with occasional Number of trees: 132. 
hardwoods (10 per cent), Maple, Beech, and Birch, on hill sloping toward southwest, bordered 
by left-hand branch of Narrow Creek; undergrowth, moderately dense, of very young Beech, 

Hemlock, and occasional Birch and Cucumber. 


ACRE YIELD. 


White Pine. ' Hemlock. | Maple. 
Volume. | 
Diameter SSS SS ., | Diameter = Diameter 
gue (breast Height. Mer- Arca’ (breast | Height. | plroiveg | (breast | Height. 
CePeeees | neh) = | Bole. chantable ‘| high). * high). 
| | | timber. | | 
atal 
Inches. Feet. Cubicfeet. Feet BAM. Inches. Feet. || Inches. Feet. 
2 15 | 120 4 17 | 6tol0 |) 2 | 6tol0 | 
2 md 125 } 360 | 1,960 4 (10tolt 3 14to1s f40 to 60 
2 | 18 130 Bx 14 | 
Li 19 130 * | 7 | i | = SS = 
1 20 =| 130 1,370 , 420 
4 21 | 130 8 | 7 | Beech, 
2 22 130 " t A 
59 | ‘ s | 
A oA / ray \ 570 8, 000 | 8 7 80 2 Wtold 50 
3 25 135 651 | 3,690 5 | 21 Aaa 1 Ito 18 
1 26 135 257 1, 390 Bit 22 | 
2 27 135 \ 3 | 93. | 
| ah 28 135 1,140 6, 600 3 25 | Birch. 
| Li | een 135 a i 
2 30 145 610 3, 900 4 | 27 | 
4 31 145 1, 220 , 800 i 28 | 
1 32 145 390" 2)300 1 a9 | Bah ceoae id 
2 34 M5 800 4,800 | 1 | 30 | * 
1 40 145 511 8,300 || 
1 41 145 511 | 3,300 | | | 
1 45 145 638 4,400 | | 
37 trees: 95 trees: 
Total cubic feet........--00.-s-00-s. 9, 028 I; Total cubic feet .....-... Far eee aS 15, 686 
Total’ Téet Boil - 2s ccc csepecessecaea 52, 260 ‘Lotalveet Bs Mises estes ascacsere EEE ---- 90,103 


Average annual aceretion: All species, 63 cubic feet. 
360 feet B, M. 


TABLES OF 


MEASUREMENTS. 


TaBLeE VI.—dere yields of White Pine and measurements of sample trees—Continned. 


C,.—PENNSY LV ANIA—Continued. 


MEASUREMENTS OF SAMPLE TREES. 


DOMINANT GROWTH, 


145 


Volume. Lumber 
| SSS =|] product 
| | | pa 8 under | 
; } . Rings ~, ength present 
| Diameter Height to. Factor | ¢ 2. SPORES 
Tree number. Ave. (breast Height. | base of perdu Mer- | of | eerown erent | 
ig row ry he 4 | 
high). crown. stump. | Tree. paanteple shape. height of| used of | 
mers tree. total 
| volume 
of stem). 
Inches. Feet. Feet. No. Cu. ft. | Ft. B. MM. 
35, 5 158 90 7.6 435.4 | 3,030 0.40 | 0.43 | 58 
36.0 157 90 7.0 481.3 3, 401 +43 42 | 59 
82.0 152 84 7.8 396.0 2, 637 46 odd 55 
32.0 150 62 6.6 347.7 2,079 oft t .09 50 
33.0 146 96 6.8 | 365.9 2, 384 42 84 | 54 
28.0 156 88 9.0 | 285.8 1, 648 43 | 43 | i 
39. 0 153 | 88 6.0 511.1 3, 318 40 | -42 o4 
34. 0 150 78 6.3 402.4 2, 397 -42 +48 | 49 
44.0 144 100 5.7 638. 4 4, 388 42 30 | 57 
34.0 146 92 Ubi 366.7 2, 248 40 387 51 
34.0 142 90 or 373.4 2,318 42 37 51 
33.0 133 91 8.0 304.5 1,770 | .40 31 48 
33.0 146 90 7.4 369. 2 2, 220 42 38 50 
31.0 144 4 82 8.5 | 275.2 1, 458 236 43 44 
31.5 134 88 Tl | 80727 1, 853 42 34 50 
37.0 146 106 6.7 | 482.9 2,970 | 44 ark 50 
Average... 255 34 147 88 7.0 | 390. 0 2, 507 ~41 -39 52 
CODOMINANT GROWTH. 
Bacsobescs 262 28.5 138 | 7a 9.8 264.3 0.43 0.45 | 49 
25 244 28.5 138 107 7.7 298.1 49 +22 | 54 
24. 245 25.0 130 84 9.3 | 192.1 43 35 | 48 
es 246 31.0 130 82 7.3 | 3810.3 -45 ot | 46 
5. 264 29.0 140 100 8.4 300.4 47 -28 52 
6. 264 29.0 140 110 85 | 291.4 45 «21 47 
US 262 29. 0 152 112 95 | 302.8 46 26 51 
8. 235 29.0 142 86 --| 248.6 38 +39 44 
9. 236 32.0 142 a4 287.7 36 -41 48 
11... 244 30, 0 141 81 305, 3 44 42 53 
13.. 258 23.0 147 93 206.0 48 ~37 42 
14... 242 25.0 139 98 217.1 46 . 30 47 
15... 262 26.0 136 98 257. 2 -5L +28 45 
Gur 235 24.5 124 93 163.8 AO 25 41 
Ife 262 25.0 128 108 214.4 ~49 16 46 
26... 245 26.0 136 98 9. 199.2 -40 ~28 47 
30.. 259 26.5 134 90 9.2 228. 6 pecs -32 48 
29... 264 28.0 141 84 9,2 276.5 46 40 47 
31... 262 25.5 132 88 10.0 191.8 -41 33 37 
bP meotbcbnconacnd 261 26.0 142 99 hal 239.9 46 30 46 
Average ..- 253 27 138 93 9.0 250. 0 1,421 dt 32 47 
6 138.8 | 683 | 0.53 0. 29 41 
Ea 189. 6 987 48 .30 43 | 
0 130.9 558 46 ll 35 | 
Penal 89.6 339 -50 -3L 31 | 
Average -.. 209 20.0 | 128 95 12.3) | 187.0 642 49 25 37 
| 


~ 20233—No. 22 


146 THE WHITE PINE. 


TABLE VI.—Aere yields of White Pine and measurements of sample trees—Continued, 


C.—PENNSYLVANIA—Continued. 


(3) Site h: Sample area: 1 acre. 


Clearfield County. 
[1,200 to 1,500 feet above sea level.) 


Soil: Yellow clayey loam, of medium grain, with fine shales, deep, fresh. well drained, with 2 to Age of pine: 240 to 260 years. 
3 inches mold on top, and surtace cover of scanty leaves, Fern, Degwood, and Blackberries; Density of crown cover: 0.5 
subsoil, laminated shale of indefinite depth. to 0.7; in places openings. 

Forest conditions; Hemlock (47 per cent) and White Pine (30 per cent) with scattering Beech and 
occasional Black Birch (hardwoods 23 per cent); undergrowth scanty, of young Beech with a 


tew Black Birch aad Basswood. Number of trees: 78. 


ACRE YIELD. 
White Pine. Hemlock. | Beech. 
Volume. : 
| * 
¥ Diameter se Diameter = Diameter 
| Nene (breast Height. Mer- Jehu (breast Height. todas (breast Height. 
ge) el Ma Phy Bole. chantable *) high). | > high). | 
timber. | 
| Inches. Feet. Cubic feet, Feet B. M. | Inches. | Feet. | | Inches. Feet. 
1 18 130 137 G42 1 %to6 |) | 16 | 6to10 30to 40 
1 20 130 137 G42 2 7 
1 21 130 137 642 2 8 | 
9 V2 » 
: a ty in| ee | e Black Bireh. 
1 24 130 } 380 | 2,000 | i 16 
2 26 135 514 2, 780 4 17 i} | 
2 28 135 570 3, 300 1 18 80 1 | 6to10 40 
3 31 145 915 5, 850 2 19 to | 1 |10to14 J 
4 32 145 1, 560 9, 200 Pa 20 100 
= 34 a 800 4, 800 3 an 
1 35 14 2 23 | | 
“ 4 ize } 960 | 6,400 3 zr 
1 40 145 1 5 | 
1 41 Tis f 1022 | 6,600 4 26 
| 1 27 
3 28 
| 1 33 
23 trees: | 55 trees: 
Wotalicnvictectq-2-.esmeen erence 7, 269 MGtaliaubDicle@lioe-- o> exe ower suena seen eee 11, 224 
Motel t6ebibes, Mano .e sea e ee 43, 490 PROTA ROO Utes mt ete 5 icant eee ere 66, 900 


Average annual accretion: All species, 45 cubic feet. 
268 feet B. M. 


(4) SITE i: Jefferson County. Sample area: 1 acre. 


{1,500 to 1,800 feet above sea level.] 


Soil: Reddish-brown clayey loam, deep, fresh, well drained, with 2 to 3 inches mold on topand Age of pine: 230 to 240 years. 
a eee ren of abunéant leaves and ground Hemlock; subsoil, laminated shale of indeti- 
nite depth. 

Forest conditions: Hardwoods (71 per cent)—mainly Beech, White Oak, and Maple—mixed with 
Hemlock (22 per cent) and scattering White Pine (7 per cent) on ridge; undergrowth, moder- 
ately dense, of very young Beech and some Maple. 


ACRE YIELD. 


Density of crown cover: 0.7; 
in places 0.8. 


Number of trees: 155, 


White Pine. | Beech. | Maple. | Hemlock. 
Di Volume. | 
Num aber Num- Diameter | Num- | Diameter Num- | Diameter 
ber of ficeast Height. Mer- berof (breast Height. berot| (breast Height. berof | (breast Height. 
trees. ‘hic | Bole. chantable| trees. high). trees. | high). | | trees. | high). | 
gh). | | timber. | | | 
| a : as } 
| | J 
| Inches. Feet. Ou. feet. Feet B.M Inches. Feet. | | Inches. Feet. Inches. | Feet 
| 1 12 90 30.0 120 | 37 | Sto 6 40 5 | 6 to 10 ) 50 | 5 3to 6 
17 99 i 236 | 14 6 to 10 to: 9 10tol4 6 15 6 to 10 60 
| 1 19 102 . 3 386 17: 10tol4 60 2 lito 18 60 4 |10told to 
1 23 122 .3 656 1 |18to24 | 3 | 18 to 24 3 | 14tols 80 
1 244 126 9 820. | ——_—_——— —— — —_———— 7 18to2 
q ¢ o a 
, aif te . 1, Hee White Oak. Chestnut. | 3° | over 80 | 100 
1 354 140 2, 605 ero 
} 2 ar | ar 5755 | 4 |14tolA | ey 
| 1 49 138 3,056 || 7 18to24 } 80 2 3to 6 to ) 
6 24to 30 30 | 
| | 
— = — i = L 
| 11 trees: | 144 trees: 
| Total cubic feet... ......... 2,933 | Totalicubio feet:..-ccasesotaubstdevesanessie'aasacundecee sae usabashde 5, 526 
Total Teet Bont }.coee- sees 16, 741 A 
i Z taf S | 


Average annual accretion 


: White Pine, 12 cubic feet. 


71 feet B. M. 


TABLES OF MEASUREMENTS. 


TaBLE VI.—dAere yields of White Pine and measurements of sample trees—Continued. 


C.—PENNSYLY ANIA— Continued. 


MEASUREMENTS OF SAMPLE TREES. 


DOMINANT GROWTH, 


| | Volume. | | Lumber 
| | product 
| | Ratio e under 
. lta: Rings > lengt yresent 
Diameter Height to = Factor Reap ' 
Tree number. Age. | (breast | Height. | base of bensiich Mer- of | enoroen Le 
high). | crown. stump. Tree. chantable shape. height of REEdiOE 
| timber. tree. | total 
| volume 
| of stem). 
| es ee | a ee 
Years. | Inches. Feet. | Feet. | No. Cubic feet, Feet B. M. 
228 30.5 136 | 80 5.6 800.0 | 1,682 | 0.43 0. 41 47 
239 40.0 | 138 80 | 5.6 487.1 | 3,056 | 40 =42 52 
234 37.0 |= 146 72 =| 5.4 482.8 2, 626 44 51 45 | 
240 31.5 140 86 9.6 278.2 1, 425 37 39 42 | 
239 | 37.0 148 96 6.1 466.6 3,129 42 35 56 
239 35.5 140 80 | 6.1 401.2 2, 605 42 43 o4 
Average... 236 35.0 141 82 6.4 403.0 2, 420 41 A2 49 
| ! =| 
OPPRESSED GROWTH. 
| | 
152.3 656 0.43 0.29 | 35 
a5 174.9 820 42 ment 36 
163. 0 738 42 le 35 | 
l 
= | 
Sie eaeee= || 230) tof} 19 102 50 () «| ~—(90.3 386 0.44 35 
MQG24 seesoegoecese \f 240 1 7 99 80 (OPN Che 236 44 28 
Average ...|.....--- | 18 100 65 sescesses 80.0 31L na 31 
(5) Sive k: Jefferson County. 
[1,500 to 1,600 feet above sea level.] 
Soil: Reddish-brown clayey loam, deep, fresh, and drained by Windfall Run. 
Forest conditions: White Pine, with Hemlock and occasional hardwoods; Hemlock comparatively 
small, acting as an underwood, giving ample shade to the stems of the White Pine. 
MEASUREMENTS OF SAMPLE TREES. 
Volume. Lumber | 
| | | product 
; | ] | | | tee | under 
| ln; - | Rings | | | length | present 
1 | | Diameter jHeight to) (= | | Factor Siena bales | bye tobe) 
Tree number. Age (breast Height. base of ae | Mer- | of oeCroNT pata) 
high). | crown. | | Tree. ‘chantable shape. “ | (P' sled 
| stump. | Ngan height of used of | 
| | | aA tree. total 
| | | | volume | 
| | | of stem). - 
> | | | | 3 | 
Inches. | Feet. Feet. No. \ouute pect Feet BM. | 
32.5 | 146 96 | 6.3 398. 0 2,221 | 0.47 0. 34 46 | 
39.0 176 90 7.3 r 3. 003 242 49 50 
32.5 142 96 6.2 053 4 .32 48 
32.5 158 96 8.2 244 “40 45 
34.0 148 96 6.2 , 236 35 49 
30.0 143 96 8.0 Be 33 47 | 
| 31.0 145 90 6.5 38 63 | 
29.5 142 88 6.6 .38 45 
32.0 153 100 The 134 46 | 
35.0 158 112 6.2 ~29 48 
34.5 152 90 6.2 -4l 49 
32.5 158 92 5.8 41 48 
Average.... 238 32.5 152 ra i 37 | 49 
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THE WHITE PINE. 


YIELD OF SECOND-GROWTH WHITE PINE, WITH MEASUREMENTS OF YOUNG PINE 


TAKEN FOR ANALYSIS. 


The yield of second-growth White Pine on selected sample areas in the States named is 
shown in the following notes and tabulations, which also give, for illustration, the number of trees, 
volume, and average annual accretion of pine, the soil, forest conditions, acre yields, and measure- 
ments of sample young pines taken for analysis: 


A.—PENNSYLVANTIA: 
(1) SITE ec: Luzerne County. 


{1,400 to 1,500 feet above sea level.) 
Half acre No. 1. 


TanLe VII.—<Aere yields of second-growth White Pine, with measurements of young pine taken for analysis. 


Sample area: 1 acre. 


Soil: Dark-brown loamy sand, medium grain, with pebbles and gravel, light, loose, deep, fresh, Age of pine: 60 to 80 years. 


drained by Bear Creek and a number of other small streams, 2 inches mold on top, and a sur- 
face cover of abundant leaves and scanty fern. 

Forest conditions: White Pine, mixed with Maple, Beech, Hemlock, and scattering Yellow and 
White Birch, White and Red Oak, and occasional Black Cherry, in a valley sloping toward 
southwest and bordered on all sides by hills over 300 feet above station; undergrowth moder- 


ately dense, of young Hemlock, Beech, Maple, Birch.' 


HALF-ACRE YIELD. 


White Pine. 
Volume. 
Diameter eS 
| eee | (breast | Height. Mer 
* | high). Bole. chantable, 
timber. 
| Inches. Feet. Cubicfeet. Feet B. M. 
2 | 6 50 11 
2. | 7 50 12 
2) 8 50 19 | 
ty) 9 50 115 
4 10 50 60 | 
6 il 60 126 
6 12 60 150 
8 13 60 208 
8 14 60 240 
4 15 80 176 
4 16 80 184 
8 17 80 456 
r] 18 80 135 
4 19 80 276 
6 20 | 80 
2 22: | 80 750 
2 23 80 ey 
| 80 trees: | 
| Total cubic feet). --.-.-----------= 8 2,918 
Total foctieswk = sss eee aera asics 14, 006 


Average annual accretion: White Pine, 41 cubic feet. 


Density of crown cover: 0.5. 


Number of trees: 216. 


\Intermixed species: Maple, 68; Beech, 22; Hemlock, 18; Yellow and White Birch, 14; White and Red Oak, 12; Cherry 2. 
Undergrowth: Young Hemlock, 280; Beech, 146; Maple, 84; Birch, 12. 
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TaBLE VII.—decre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


A.—PENNSYLVANTA—Continued, 
Half acre No. 2. 


Soil: Reddish-brown sandy loam, fine grain, medium loose, deep, fresh, drained by Bear Creek, Age of pine: 60 to 80 years. 

2 to 3 inches mold on top, and surface cover of abundant leaves; Laurel and few Fern. Density of crown cover: 0.5 to 
Forest conditions: White Pine (154) mixed with Maple, scattering Beech, Hemlock, and ocea- 0.8. 

sional Spruce, on uneven ground of a valley sloping toward northeast and bordered on all 

sides by hills over 300 feet above station; undergrowth, moderately dense, of young Hem- 

lock, Beech, Maple, and a few young Spruce.! Number of trees: 232. 


HALF-ACRE YIELD. 


White Pine. 
Volume. 
ye Diameter P 
oftrees,| (breast | Height. | | Mer- 
Saneel mR HY) | Bole. chantable 
| timber. 
| Inches. Feet. Cubic feet. Feet B.M. 
14 3to6 AD eee meee | 
2 6 50 11 
4 7 5c 24 
12 8 50 1l4 
10 9 | 50 115 
14 10 50 210 
10 11 60 210 
8 | 12 60 200 
12 13 60 312 
16 14 | 60 | 480 
4 | 15 80 176 
4 | 16 80 184 
14 17 80 798 
8 19 80 552 
6 20 80 | 
§ 21 80 
4 22 80 1,650 | 
4 24 80 
2 20) 4] 80 
———e + 
154 trees: 
Total cubigdest= sect acncmespereeese 5, 036 
Motal feetiB: Ml! sae ee et eve ences 24,173 


L J 


Average annual accretion: White Pine, 72 enbie feet. 


MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


Forest conditions: Ridge land densely covered with young hardwoods—mainly White Oak and 
Red Oak, among which White Pine is seattered. 


| ] ] Lumber | 
~ Lumber 
; | | Volume. | product | 
| — Hata oe under 
- | \ tos Rings | engt present 
Diameter a | Height to| per inch Factor of crown | practice 
Tree number. Age. | (breast | Height. | base of an Mer- OLFS hentental (per cent 
Hieh): | crown: >| ‘stump. || Tree. chantable shape height of} used of 
| | | eee Rae ah a 
| | | of stem). 
Years.| Inches. | Feet. | Feet. No. | Cubic feet.| Feet BM. 
29.0 84 | 34 3.5 | 140.6 627 0. 36 0. 60 37 
20.0 81 20 5.7 78.1 369 odd .75 a3g 
22.0 81 16 5.7 | 81.6 369 -38 -80 a38 | 
31.0 90 | 20 3. } 193.8 935 41 -17 40 
Average...| 129 25.5 84 22 4.7 | 194.0 575 40 73 38. | 
| | 


a Oppressed for the last forty years. 


1 Intermixed species: Maple, 36; Hemlock, 16; Beech, 18; Spruce, 8. 
Undergrowth: Young Hemlock, 200; Beech, 66; Maple, 24. 
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Taste VIL.—dAecre yields of second-qrowth White Pine, with measurements of young pine taken for analysis—Continued. 


A.—PENNSYLVANIA—Continued. 


Soil: Reddish-brown sandy loam, medium loose, fresh, deep, and well drained, with surface cover 
of abundant leaves. 

Forest conditions: Hardwoods—mainly Beech, Oak, Maple, Chestnut, and Bireh—mixed with 
White Pine, Pitch Pine, Hemlock, and occasional Spruce. 


MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 
DOMINANT GROWTH. 


Volume. | Lumber 


! | 
| 
el } product 
( | a under 
] | : ings — | lengt present 
| Diameter Height to ; | Factor | .¢, : 
| Treonumber, | Age. (breast Height. | base of ater F | Mer- of jorcrows pecapesh: 
| | high). crown. stump. | Tree. cave shape. | heightof| used of 
| " : | tree. total 
| | volume 
| . of stem). 
| 
| ae | j | | 
Years.| Inches. | Feet. Feet. | No. Cubicfeet. Feet B.M. } 
163 29 | 6 50 5.0 114 947 | 0.36 | 0.57 40 
98 | 25.0 84 32 3.5 121.2 530 +42 «62 36 
96 20,0 73 32 4.3 76.1 260 Yagi |) 256 40 
92 31.0 97 32 2.5 210.0 976 -41 | . 67 40 
97 19.5 76 26 4.3 67.0 | 363 -d2 | 66 45 | 
| Average.... 96 | 24.0 82 | 30 3.5 | 118.0 557 | ie 40 
| ' | 


Soil: Fresh sand, well drained. 
Forest conditions: A young White Pine grove mixed with mature Spruce, Hemlock, and seatter- 
ing hardwoods. 


| Volume. | | Lumber 
| eee | product 
| eee Me under 
in; : . Rings engt present 
Diameter Height to rho Factor . 
Tree number. Age. | (breast | Height. ee of jecdnes ate of ay cro ae cent 
| high). | EN stump. Tree. ichantable shape. height of| used of 
| timber. | tree. total 
volume 
| | | of stem). 
Yeurs. | Inches. | Feet. | Feet. No.  Oubic,feet.| Feet B. M. 
1 64 | 14.5 | of 18 4.0 28.7 110 0.46 0. 66 81 
2. ST © theo 58 20 27 | 31.4 144 AT . 66 38 
3 50] 85 50 | 20 48 | 95 “43 48 - 60 36 
4. 47 8.0 | 46 18 5.0 | 7.3 32 | 45 -61 37 
| 5. 52 11.0 | 50 20 3.7 14 2 54 43 60 31 
| 6. 49 11.5 46 18 | 3.6 15.7 59 AT - 61 31 
ie 52 9.5 53 18 | 4.0 12:3 48 46 - 66 33 
8 o4 8.0 54 18 5.7 10.1 34 53 - 66 27 
Qiccscceanensceces| 04 10.0 58 18 4.3 14.7 | 59 48 -68 | 33 
Average... 53 10.5 52 19 4.2 16.0 | 64 | 
| 


(2) SITE e: Clinton County. Sample area: 1 acre. 
{1,500 to 1,600 feet above sea level.] 


Soil: Loamy sand with rocks on face of slope, the brown-yellowish coarse grain full of shales, Age of pine: 120 to 130 years 
surface cover of 2 to 3 inches mold and abundant leaves. Density of crown cover: 0.2 
Forest conditions: Brush of very young White, Red, and Chestnut Oak, with scattering White (scattered). 
Pine (14). and occasional Chestnut Oak (6), Jack Pine (3), and Norway Pine (2), on a steep hill 
300 feet above station, facing south; undergrowth, dense, of young hardwoods of same species 
as above. Number of trees: 25. 
ACRE YIELD. 


White Pine. 
Volume. 
lo Diameter 
ag (breast | Height. Mer- | 
high). Bole. chantable 
timber. 
| o- _ = _ ns 
Inches. Feet. Cubic feet. Feet B.M. 
1 10 70 Ht BSS eer 
1 15 | 76 46 i6i 
1 19 | 4 66 370 
| 3 21 85 270 1, 245 
1 22 87 99 432 | 
3 oy 85 345 | 1,449 | 
3 25 | 85 372 | 2,004 | 
1 29 85 151 760 } 
14 trees: 
Total cubic fect. <.s-.c J. scecec once oon | 


Total feet B.M.. 


Average annual aceretion: White Pine, 11 eubic feet. 
57 feet B. M. 
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TaBLE VII.—Acre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued 


A.—PENNSYLVANIA—Continved. 


MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


Clearfield County. 
[1,200 to 1,500 feet above sea level.] 


(3) SITE g: 


Yellow clayey loam, medium grain, deep, fresh, well drained (three small streams cross the 

hollow in different directions), with 2 to 3 inches mold on top, surface cover of leaves, Fern, 
Ground Pine, Wintergreen, Elderberry, Blackberry, and Dogwood; subsoil laminated shale 
of indefinite depth. 
Forest conditions : Young White Pine intermixed with Ly oung hardwoods in hollow extending north 
and south, and bounded on the west by hill over 2 feet ‘above station: undergrowth dense, of 
very small and various hardwoods, mainly Black Birch, Maple, and Beech, and few White 
Birch and Hemlock. 


Soil: 


ACRE YIELD. 


i 
| White Pine. 
Volume. 
Number Diameter 
Ils eal (breast | Height. | Mer- 
“| high). | Bole. chantable 
timber. 
| Inches. | Feet. Oubic feet. Feet B. M. 
do< eFUnder3) Wes 4.5 
41 3to5 | 16 to 37 61.5 
54 6to10 |40to47 | 432.0 
34. 10told | 42 to 50 612.0 
| Ze LAT tOULR ae hectare 42.0 ; 
| 285 trees: 
Total cubic feet 1, 152 


Average annual accretion: White Pine, 38 cubic feet. 


Volume. | Lumber | 
\ Laapael eee 
| . atioo 4 under | 
\ Diameter Height to Binge Factor Jength of |: present | 
Tree number. Age. | (breast | Height. | base of | Per ineh Mer- ot DrC WT PrAChEes 
| high). crown. on ‘Tree. chantable shape,  ,t@ total | (per cent) 
stump. eiabar height of used of | 
| ey tree. total | 
| volume | 
of stem). 
| | | 
| Years. | Inches. Feet. Feet. | No. Cubic feet. Feet B.M. 
Mada 21.0 78 40 | 4.8 88. 6 404 0. 47 0.48 39 
124 | 24.0 86 28 5.4 115.8 483 | 42 67 34 
124 22.0 87 34 5.5 99.0 432 43 61 36 
116 | 18.5 79 36 6.2 63.9 280 AS 54 36 
122 | 19.5 85 40 | 5.9 79.7 864 45 BLY) 38 
(%) | 24.5 83 36 (?) 124.5 668 46 56 44 
120 | 21.0 89 | 38 5.4 | 94.5 429 | 44 | O71 37 
128 19.0 84 40 6.4 66.2 370 -40 -52 46 
127 9} 19:50) 88 40 5.7 92.0 446 | 50 | 54 40 
122 | 15.0 | 76 36 Tad 46.2 161 Ad -52 30 | 
125% 17.0 84 Be 6.9 1.4 267 46 OF 36 
(ii maemeOs aaa 76 SE pete a(i2) 78.0 293 | 45 50 | 31 
Average... 123 | 20 | 83 37 6.0 84.0 383 45 55 37 
| 


Sample area: 1 acre. 


Age of pine: 25 to 35 years. 


Density of crown cover: 0.5 
to 0.6. 


Number of trees: (?) 


White Pine, 1314154 small; Aspen, 12+54 small; Beech, 1+137 small; 
Black C herry, 2+77 small; Black Birch, 17+415 small; 
small; Willow, 10 small; Hemlock, 50 small. 


1 Intermixed species : 
Ash, 3+21 small; Cucumber, 6+90 small; 
Tulip, 13 small; ‘Tronwood, 2 small; Chestnut, 2 


Maple, 6+254 small; 
Hamamelis, 4 small; 


Oak, 5+12 small; White 
Basswood, 6 small; 
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Taste VII.—Aere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


A.—PENNSYLVANIA—Continued. 


MEASUREMEN 


TS OF SAMPLE YOUNG PINE TREES. 
DOMINANT GROWTH. 


} fe cg 
| : Rings * engt 
Diameter Height to So ~ | Factor = 
Tree number. Age. | (breast | Height. Dae ot | de a h Volume of | to total, 
| high). crown. | stump. | shape height of 
| tree. 
| | 
| Years.| Inches. Feet Feet. No. Cubic ft. 
33 13.5 43.8 11.0 1.6 21.0 0.48 | 0.75 
36 14.0 47.0 14.0 1.9 20.9 | 41 -70 | 
35 12.5 49.0 18.5 2.1 18.8 45 - 62 
B4 13.5 43.0 12.0 1.9 18.1 42 12 
34 13.4 | 46.0 [and emma ON | esr 44 70 
| 
CODOMINANT GROWTH. 
82 11.2 | 42.5 19.5 el 12.6 0.45 0. 54 
31 5) 4-0 | 28.0 2.5 10. 9 AT -40 
34 8.0 45.0 | 28.0 | 3.1 cult 48 - 38 
34 | 8.0 | 41.8 22.5 | 3.5 6.7 45 46 
34 7.2 | 41.5 | 14.8 | 3.9 5.2 47 - 64 
2.9 46 48 
| 0.51 | 0.87 
do | -42 
2480 57 
| 51 | 45 
SUPPRESSED GROWTH. 
3.0 | 27.0 13.0 | 7.0 0.7 0.53 0.51 
| 3.3 23.5 | 9.0 7.9 .7 odd 61 
Bay 827.8" |) 1420 7.4 6 | 47 49 
3.1 26.0 12.0 7.4 a7 | pee as 54 | 
3.0 16.0 16.0 4.8 | -4 59 1.00 
2.5 24.0 7.0 5.9 | 3 41 | 
___Avernge...[ 23 | 27 | 20.0 | 1.0 | 5.3 | a ee ee 
(4) Site j: Forest County. Sample area: 1 acre. 
* [1,100 to 1,200 feet above sea level.) 


Soil: Yellowish-brown clayey loam, with shales, deep, fresh, drained on south by Beaver Creek Age of pine: 40 to 50 years. 


and on the west b 


Y, H 
and Fern; subsoil, lam 


ickory Creek, 3 to 4 inches mold on top, and surface cover of leaves 
inated shale of indefinite depth. 


Forest conditions: Young White Pine intermixed with hardwoods and occasional Hemlock on 


slope acing southwest; undergrowth dense, of very young Hemlock, Birch, Beech, some 
Maple and Ironwood, and a few other hardwoods.! 
ACRE YIELD. 
White Pine. 
| Volume. 
7 Diameter —— 
eel (breast | Height. | Mer- 
*| high). Bole. chantable 
timber. 
Inches. | Feet. Cubic feet. Feet B. M. 
| wa f Band | | 
\ under jo to 40 53 
41 4 
49 5 46 
34 6 46 } 572 =| 
23 7 46 
24 8 54 
28 9 | o4 } 839 | 
21 10 | 54 | 
12 af | 58 
4 | 12 58 } 306 | 
1 13 | 58 
| 1 14 61 | 
1 15 igiiew, coal 
383 trees: 
Total cubic feet 1, 826 


Average annual accretion: White Pine, 40 cubic feet. 


Density of crown cover: 0.8 
(in places thick and crowded, 
and in other places open- 
ings). 

Number of trees: (7). 


' Intermized species: White Pine, 2394-144 small; Hemlock, 78+248 small; 


Red), 20+12 small; Ash, 16+9 small; Black Birch, 73+76 smal 


15+-2 small; Hickory, 2; Cucumber, 2; Juneberry, 50; few small Aspen, Butternut, and Waterbeech. 


Beech, 50+160 small; Maple, 464108 small; Oak (White and 
Yellow Birch, 594-189 small; Ironwood, 134100 small; Black Cherry, 


TABLES OF 


MEASUREMENTS. 
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TABLE VII.—<Acre yields of second-growth White Pine, with measurements of youny pine taken for analysis—Continued. 


A.—PENNSY LV ANIA—Continued. 


MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


DOMINANT GROWTH. 


| | se - 
F r Rings ength 
Diameter Height to} — | Factor ‘ 
Treenumber, | Age (breast | Height. base of | Pe inch | V pees of vs oe 
| high). : crown. wa CUES) ehape, sai leone 
| stump. | height of 
| tree. 
Inéhes. | Feet. | Feet. No. | Oubie ft. 
| 120 60.0 | 23 3.5 20.2 | 0.48 0.62 
11.5 58.5 | 26 | 3.4 20.0 | 47 | -55 
12751 |p oon 18 3.4 19.4 41 67 
11.0 59.0 | 30 3.3 18.7 48 49 
11.5 66.0 28 3.3 18.3 | 45 50 
11.0 58.5 | 28 2.7 a7. 9)7 | 49 52 
10.5 60.0 | 34 3.7 17.5 48 43 
10.0 59.0 | 32 3.3 16.4 51 46 
10.5 58. 0 30 | 3.6 16.3 46 48 
11.0 55.0 28 | Sith |p ssa 42 49 
(aise 58.0 28 | 3.3 8! Oi] dou ln eS 
| 
Wocuseceaencenatians Deer ef 14.0 | 64.0 34) | 2. 29.6 43 47 
UB ee copeeece sone 46 14.0 | 58.0 | 22 | 3.0 26.9 43 | -62 | 
Average... Fis 46 14.0 61.0 28 | 3.0 28.2 43 54 
| 
CODOMINANT GROWTH. 
9.5 56.0 28 4.1 13.9 | 0.50 0.50 
10,0 52.5 30 | 4,2 13.9 | 48 43 | 
10.0 53.0 28 3.9 13: Tal 47 47 
9.5 58.0 30 4.9 J3.1 46 | 48 
9.0. 58. 0 32 3.9 12.9 | 47 dt 
9.0 46.0 23 4.9 11.4 | 46 .59 
8.5 50.0 30 4.6 10.0 | .o1 40 
8.0 54.0 28 3.7 9.6 | -d1 48 
8.0 | 50.0 20 5.1 S25) «53 | - 60 
8.0 56.0 36 5.1 8.6 | 744 | .03 
Average ... 44 9.0 54.0 28 | 44 11.5 | -48 49 | 
OPPRESSED GROWTH. 
| | 
48 22 5.0 weg 0. 54 0.54 
46 30 5.0 6.6 .53 34 
46 30 512 6.1 | 243 = 85 
45 28 6.9 ai | 50 .38 
46 38 6.8 | 3.6 AT -17 
46 30 5.8 5 49 
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Taste VII.—dAere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued, 


B.—MAINE: 
(1) SrvE a: York County. 


Soil: Gray or brown fine, loamy sand, deep, fresh, 2 to 3 inches mold on top and leafy surface 
cover, and clay probably some feet below surface. 

Forest conditions: White Pine, with scattering Red Oak and White Oak and occasional Norway 
Pine on a level; undergrowth, moderately dense, of small Hemlock and Beech and numerous 
small Maple and Oak. 


Sample area: One-half acre. 


Age of pine: 90 to 100 years. 
Density of crown cover: 0.5. 


Number of trees: 118. 


Classification: White Pine. 
Domi nBtitesescs on aawen << evacmite en aaabn~ -Se a vae aBeae De rekresaew<imeamen per cent.. 26 
Codominant. - = -Q0s~—5 40 
Oppressed... «eee - Bonn eas 200c—ns 18 
BUpPPRSSGOd coe cose cede nner enwnduw aps sQevedwnaseusscsslstvarecsndeussusswrs do.... 16 


HALF ACRE YIELD. 


Average annual accretion: White Pine, 77 cubic feet. 
Current annual accretion: White Pine, 160 cubic feet. 


White Pine. 
| Volume. 
Diameter — 
ph Sales (breast | Height. | | Mer- 
‘| high). | Bole. chantable’ 
| | timber. 
| | | 
} Inches. Feet. Cubicfeet. Feet B. M. 
2 10 | 75 42 | 
8 TES 75 192 | 
8 12. 75 233 | 
4 | 12 85 120 | 
6 13 | 85 222 
4 l4 75 154 
8 14 85 332 | 
8 15 | 85 384 | } 
8 16 85 408 
8 17 85 528 
10 18 85 690 
18 | 19 85 1,323 
2 20 85 152 | 
4 21 85 320 | 
6 22° 85 534 | / 
6 23 85 660 — 
2 4 | 95 250 | 
2 25 | 95 280 | 
4 ; 26 | 95 560 
| 
118 trees: 
Total cubic feet...---. 2.2.2 o ee 7, 383 


MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 
Age class: 90 to 100 years. 


DOMINANT GROWTH. 


| s Ratio of | x 
' Diameter an Factor | lengt one 
. perinch Volume | of crown, Current annual annua 
Tree number. Age. | eeee | Height. | on | of tree. | rie |_to total accretion. _ acere- 
| nigh). | stump. | Shape. height of | tion. 
| | | | tree. | | 
| | ——————_—_—_—— 
| j | 
| Years. Inches. | Feet. | No. Cubic ft. | Per cent. | Ou, ft. 
98 28.0 | 100 | 29 | 175.3 0.41 0, 60 
| 92 | 28.0 103 2.0 161.0 36 | 61 
98 25.0 92 | 3.2 140.3 46 48 
92 25.5 91 3.0 136.3 ~42 56 
92 25.0 88 3.2 131.7 44 | 46 
| 97 | 22.0 98 3.8 119.4 46 | 49 
97 | 20.6 102 4.1 118.1 35 | 45 
| 90 22.5 | 91 3.4 15.1 46 52 
102 20.0 100 4.1 104.0 AT 43 
100 20.3 103 4.3 98.8 41 40 
96 23.7 | 97 3.5 130.0 42 50 
CODOMINANT GROWTH. 
20.5 95 3.8 93.3 
| 19.5 99 3.8 88.4 
| 19.0 96 4.1 84.9 
} 16.8 99 3.8 71.3 
/ 18.5 92 4.3 69.9 
14.5 80 4.6 68.4 
18.7 79 4.1 67.2 
17.2 87 4.6 67.0 
17.2 89 4.0 60.7 
Average... a4 18,5 m1 4.1 74.5 
ee \ | 
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TABLE VII.—Acre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


B.—MAIN E—Continued. 
MEASUREMENTS OF SAMPLE YOUNG PINE TREES—Continued. 


OPPRESSED GROWTH. 


| = Ratio of 
fn avareeit tings . length Average 
Tree number. Age. lineecres Height. | per inch Volume | sas of err Current annual annual 
high). | on of tree. shape to total | accretion. accre- | 
. | | stump. height of tion. 
| tree. | | | 
Years. | Inches. Peet. No. Per cent. Ou. St. Cu. ft. | 
100 15.0 93 5.4 0 | 
100 15.0 90 6.5 | 
99 14.0 90 6.0 | 
86 14.3 88 5.0 
97 13.5 81 5.8 | 
99 12.6 86 7.2 
91 13.2 | 80 5.2 
99 | 12.0 | 80 6.3 
Average ... 96 ISAT) 86 6.0 
| 
Age class: 50 to 60 years. 
DOMINANT GROWTH. 
Phe SoponccsdcHahos | 55 | 14.0 | 61 | 3.2 84.2 | 0.52 | 0. 69 5.4 | 1. 85 | 0. 62 
Hooe | 60 14.7 69 353 39.8 | -50 47 | 4.0 1.59 | . 66 
C684 60 17.0 61 | 3.1 42.8 dt - G4 4.6 | 1.97 | 71 
(Mees 59 19.1 65 2.8 60.7 | 47 - 69 4.4 | 2.67 | 1. 03 
Average ...| 58.5 | 16.2 64 3.1 44.4 48 62 4.6 2. 02 | 75 | 
| | 
(2) SiTE ec: York County. Sample area: lacre. 


One-fourth acre No. 1. 


Soil: Gray sand, sometimes brown or loamy, deep, fresh, with 3 inches vegetable mold, and a Age of pine: 50 to 60 years. 
leafy surface cover; subsoil clayey, probably 4 or 5 feet below surface. Density of crown cover: 0.7. 

Forest conditions: White Pine, with scattering Hemlock and occasional Spruce and Fir, on a level Number of trees: 328. 
plain; undergrowth, scanty, of Hazel and young Hemlock.' 


Classification: White Pine. 
DT h GW feececaeene so oe ass acossseo cng .oacsceec Snoscist So stecemt mec per cent.. 
Codominant. ---d0...- 45 
Oppressed .-. ae RIESE 23 
SMES G-Heoneseas coset ec oseabedtosasceds eee = posses sees Seesee eryecces do.... 23 


ONE-FOURTH ACRE YIELD. 


White Pine. | 


| Volume. 

= .y | Diameter ae 

aie (breast | Height. | Mer- 

of tr es. | high). | Bole. chantable 
| timber. 


| Inches. | Feet. Cubic feet. Feet B.M. 


4 | 6 45 20 | 
32 it 4 55 | 256 | 
60 7 45 330 | | 
o4 8 55 540 | 
8 8 45 | 12 
36 9 55 414 
8 10 65 i44 
52 lw | 55 780 
8 DN Eee 144 
12 12 | 65 306 
12 12: | 55 240 | 
4 13 65 |° 116 | 
8 VW 75 408 | 
E | jeer 
| 828 trees: 
| Total cubic feet.--.---.---------.---- 4,070 


Average annual accretion: White Pine, 74 cubic feet. 
Current annual aceretion: White Pine, 133 cubic feet. 


1 Intermixed species: Young White Pine, 160; Hemlock, 20 mature and 20 small. 
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TaBie VII.—Aecre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


B.—MAINE—Continued. 
MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


Ratio of 
Factor | length 


DOMINANT GROWTH. 


/ Rings 
Diameter + at 
Tree number. Age. | (breast Height. | pee ech Pelee ern bate 
high). | stump. | | shape. eee of 
ree. 
Years. Inches. | Feet. No. ‘Cubic feet | 
50 |} 14.5 64 | 2.8 | 33.1 | 0.45 0.55 
59 13.3 60 3.8 26.4 44 58 
55 12.8 6i 3.3 | 25.6 45 38 
50 11.8 58 3.5 20,1 ~52 41 
59 10.2 65 44 22.0 59 85. | 
50 11.0 62 | a7) 21.1 -50 35 | 
54 12.3 62 | 3.6 | 5 |e 


CODOMINANT GROWTH. 


52 10.0 59 | 4.3 16.1 0.50 0.40 
50 9.0 58 4.3 13.4 252 .41 
51 8.8 58 4.6 13.3 54 138 | 
50 9.4 54 4.3 12.3 246 (a) 
51 8.1 56 5.1 10.7 155 35 | 
50 8.4 55 45 10.6 ~50 40 | 
49 8.1 56 5.0 10.2 52 | 64 | 
52 8.0 57 5.5 10.1 a) .37 
Average...) 51 | 87 a7 | 47 | 12d A500) (eee 
on ee | t | 
OPPRESSED GROWTH. 
| 
49 CA 63) 41 5.2 96 |} 0.56 | 0.30 
52 7.8 54 5.0 9.5 | .50 26 
49 80 | 51 5.0 9.5 | -53 | 39 
48 ac 54 5.1 90 | 152 -40 
50 7.4 58 i] 15:6.) 950 50 33 
51 8.2 47) 51 8.9 .51 34 
50 74 54 | 5.6 | 8.0 50 30 
Average... 50 | 7.8 | le rin | 52 | 233 | . 
| t 
SUPPRESSED GROWTH. 
| | | 
55 | 6.3 | 87 a3) 6.3 0.51 | 0.31 
48 6.9 | 49 5.7 5.8 44 | 28 
46 6.3 51 5.5 5.5 47 BD 
46 6.2 | 47 5.8 5.1 51 | 7 
48 5.6 50 7.0 4.3 +52 =) 
50 6.0 39 8.0 3.7 48 56 
48 5.3 46 7.6 3.6 147 +26 
52 5.0 48 8.3 3.4 i) 143 
52 5.0 46 10.0 S72) «50 | ars] 
Average... 50 ew ear i pak 4.5 49 |) 183i | 
| | | i 
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TaBLe VII.—<ere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


B.—MAINE—Continued. 
One-fourth acre No. 2. 


Soil: Brown sandy loam with little pebbles in it. deep, fresh, 3 inches black soil and mold on top, Age of pine: 50 to 60 years. 
and leafy surface cover; clay probably 8 to 12 inches below surface. Density of crown cover: 0.8 
Forest conditions: White Pine, with occasional Norway Pine, on a slope to north 5° to 10°; Number of trees: 396, 
undergrowth scanty, of Hemlock, Oak, and Pir. 
Classification: White Pine. 
Dominant... ..- .--- 2 - eee ee cece ce ene cece ence wacncetsascsesevenances - per cent.. 18 
Codominant . ROD ans 27 
Oppressed ..- -do.... 24 


Suppressed ..-...2------2ece eens so eee eee ee nee een enre ers ceccesseneseesereeess do.... 31 
ONE-FOURTH ACRE YIELD. 
= 
White Pine. 
| Volume. 
Nainhen Diameter . Se 
SPIRTGENET (breast Height. Mer- | 
“| high). Bole. chantable 
timber. | 
Inches. | Feet. Oubicfeet. Feet B.M. 
4 6 | 65 28 | 
28 6 55 168 
20 7 65 190 
20 Tal 55 160 
84 | 8 65 1, 008 
24 8 55 240 
36 9 | 65 522 
82 10 | 65 576 
8 100) Ghee 168 
40 | ll 65 880 
4 | ll fe) 100 
16 12 65 408 
} 4 12 75 696 | 
8 13. | 65 232 | 
16 | 13 | 15), e552 
4 l4 65 | 132 
12 14 75 | 462 
8 15 65 | 292 
4 16 | 73 | 184 
| 4 17 | 75 | 204 | 
| 
396 trees: 
Total cubic feet.-.---.-.-------------- 7, 202 . 
| 
Averaye annual accretion: White Pine, 131 cubic feet. . 


One-half acre No.3. 


Soil: Brown sand, deep, fresh, and leafy surface cover; clay probably 4 to 6 feet below surface. Age of pine: 50 to 60 years. 
Forest conditions: White Pine intermixed with Norway Pine and océasional Spruce and Fir, on Density of crown cover: 0.8. 


a slope to north; undergrowth scanty, of small an few Hemlock, Fir, and Spruce. Number of trees: 314. 
Classification : White Pine. 

Tom aN Gee oo oce coos cee einie sim nei wintnlen ae wintmnl amine eoimielel=nia 2] minnie per cent.. 8 

Codominant- - Beocilvas=* 36 

Oppressed . eelGeeee 30 

Suppressed ..------- do.... 26 


HALF-ACRE YIELD. 


White Pine. 


Volume. 
= Diameter) _— Se 
Aeomaes (breast | Height. | Mer- 
‘Ss high). Bole. chantable 
timber. 
Inches. Feet. | Cubicfeet. Feet B. M. 
18 | 7 65 | 162 
48 | uf 55 384 
60 8 65 720 
| 26 | 8 35 260 
44 9 65 638 
6 9 a9 69 
4 10 75 82 
38 10 65 684 
10 ll 75 | 250 
28 11 65 616 
4 12 7 116 
l4 12 65 357 
4 13 75 138 
6 13 65 174 
2 lt 75 ri 
~) 15 65 | 7 | 
| 


314 trees: 
Total cubic feet..-..-..-..----------- 4,800 


Average annual accretion: White Pine, 87 cubic feet. 
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TaBLE VII.—Acre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


B.—MAINE—Continued. 
MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


DOMINANT GROWTH. 


ap | ; Le a 
. tings ‘ ength 
Diameter : | Factor . 
Tree number. Age. (breast Height. Pe inch | Volume of of crown 
high) on | of tree. | shane to total 
gh). stump. | Pe | height of 
tree. 
Years. Inches. Feet. No. | Cu. ft. | 
No Baacon cc cc ccc cce nes ceacccsccecesesces 89 | 21.8 86 3.7 | 89. 3 0. 40 0.42 
4.0 | 76.5 43 . 50 
440) 69.5 -48 -52 
4.2 69.3 42 AT 
3.8 68.6 143 .89 | 
4.4) 67.4 46 41 
44 66.6 42 | 46 
4.5 66.4 49 | 48 
4.4 63.7 49 | 45 
4.2 70.8 ogee 
3.3 123.5 45 54 


PENOBSCOT COUNTY. 


| ae BE iD 
| Diameter | Factor ene! eens 4) 
Tree number. | Age. (breast | Height. | vole one oral peat le ae cache 
| high). | | shape. | height of tion. | 
< | | | tree. 
Years.| Inches. | Feet. Cu. ft. Percent. Ou.ft. | Ou.ft. | 
66 12.5 76 31. 83 0.49 0.40 2:8 | 0. 89 0.48 } 
7 | 160 | 62 | 34.55 39 - 69 3.3 | 1.14 44 
73 12.7 80 | 35.51 ~52 45 7 | 1:81 48 | 
74 13,0 | 80 | 36.00 148 40 le) ene 48 | 
70 13,0 7 35.15 | 50 62 3.0 | 1.05 -50 | 
69 13,2 82 38.49 -51 385 3.6 | 1.38 55 | 
73 | 13.5 83 | 40.43 | Ag . 82 2.1 85 «55 | 
75 i4.7 83 | 43.20 45 -35 2.5 | 1. 08 oT | 
| 70 15.7 81 | 42.34 40 43 3.6 1.51 60 
| 73 14.5 82 45.10 AT 39 8.2 1.44 61 
79 17,0 74 51.14 43 43 2.0 1,02 65 
77 16.5 | 78 51.28 | 44 . 65 3.8 1.95 66 
72 15.2 85 51.91 | 48 30 20 | 1.04 72 
Average... 73 M44 79 41.30 | 
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TABLE VII.—Acre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continned. 


C.—MASSACHUSETTS: 


(1) SITE a: Holbrook, Norfolk County. Sample area: 1 acre. 
Soil: Yellowish-brown sandy loam, shallow, loose, dry, with 1 or 2 inches mold on topand amod- Age of pine: 35 to 38 years. 
erately leafy surface cover; subsoil, sand with stores and gravel. Deusity of crown cover: 0.6. 
Forest conditions: White Pine on a slope (angle about 10°); undergrowth scanty, of Red Cedar 
- with scattering Hemlock and White and Red Oak.! 


Number of trees: 286. 


ACRE YIELD. 


White Pine. 
Volume. 
lw .» | Diameter) SSeS SS 
| Biases | (breast | Height. | Mer- 
* | high). Bole. chantable 
| | timber. | 
Inches. Feet. Cubic feet.| Feet BM.) 
169 8 60 1,690 | 
5 | 10 60 80 | 
18 10 70 | 342 
24 11 70 528 
23 12 70 598 
28 13 | 70 868 | 
1l 14 70 385 
fy) 15 | 70 280 
1} 7 70 51 | 


286 trees: 
Totalculiateetscon. seca. eee eee ee 4, 822 


Average annual accretion: White Pine, 131 eubie feet. 


(2) Sirk Db; Pembroke, Plymouth County. Sample area: 1 acre. 


Soil: Yellowish-brown sandy loam, medium grain, light, loose, fresh, with 2 to 3 inches mold on Age of pine: 50 to 55 years. 
top and surface cover of abundant leaves. Density of crowncover: Thick 
Forest conditions: White Pine with scattering Oak, Maple, Gray Birch, and occasional Sassafras and quite even, 
and Hornbeam; undergrowth moderately dense of above species of hardwoods.? Number of trees: 339. 


ACRE YIELD. 


| White Pine. 


| Volume. | 
lw Diameter 
pranibes (breast Height. Mer- 
* | high). Bole. chantable 
| timber. | 
Inches. | Feet. |Cubic feet. Feet B. M. 
226 8 60 2,260 | 
19 10 | 60 304 
18 | 10 70 342 
38 | 11 70 | 836 
pal 12 7 572 | 
10 13 70 | 310 
2 14 70 70 | 
3 15 |} 70 | 120 | 
Lh} 16 | 70 45 
339 trees : 
ROtALiGUbiGHegh:ase--<-- ase nee eoee 4, 859 


Average annual accretion: White Pine, 92 cubic feet. 


1 Intermixed species: Red Cedar, 2 from 6 to 10 inches diameter and under 60 feet high; 8 from 3 to 6 inches diameter and under 40 feet 
high. Red Oak, 1 over 6 inches diameter and under 60 feet high; 1 over 3 inches diameter and under 40 feet high. Hemlock, 4 from 3 to 6 
inches diameter and under 40 feet high. White Oak, 3 from 3 fo 6 inches diameter and under 40 feet high. Young White Pine, 85. 

Undergrowth: Red Cedar, 29; White Oak, 1; and Hemlock, 3. x 

2Tntermixed species: Oak, 10 from 10 to 14 inches diameter and under 80 feet high; 1 over 6 inches diameter and over 60 feet high; 6 from 
6 to 10 inches diameter and under 60 feet high; 2 from 3 to 6 inches diameter and over 40 feet high. Maple, 4 from 3 to 6 inches diameter and 
over 40 feet high; 8 from 3 to 6 inches diameter and under 40 feet high. Gray Birch, 1 over 6 inches diameter and over 60 feet high; 6 from 
6 to 10 inches diameter and under 60 feet high; 43 from 3 to 6 inches diameter and over 40 feet high. Young White Pine, 69. 

Undergrowth; Gray Birch, 21; Maple, 38; Hornbeam, 1, and Sassatras, 3. 
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TabLe VII.—dAere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued, 


C.—MASSACHUSETTS-- Continued. 
(3) Site ec: Hanson, Plymouth County. ‘ Sample area: 1 acre. 
Soil: Yellowish loamy sand, medium grain, porous, light, loose, deep, dry, and well drained, with Age of pine: 50 to 55 years. 
about 2 inches mold on top and surface cover of abundant leaves; subsoil, sand and gravel. Density of crown cover: (/) 
Forest conditions: Pure White Pine on level plain, originally mixed with hardwoods, but ten 
years ago hardwoods and dying pine cut out, leaving young oaks 1 to 2 feet high throughout 
site; undergrowth of hardwoods.' Number of trees: 310. 


ACRE YIELD. 


White Pine. 
| 
| Volume. 
Ix Diameter | 
| race (breast | Height. | Mer- 
CE OTEEE= || high). | Bole. chantable 
| timber. 
Inches. Feet. Cubic feet. Feet B.M. 
127 8 53 1,143 
19 10 55 285 
21 10 70 399 
39 ll mu 858 
31 12:5] 70 806 
23 13 | 70 713 
22 i4 70 770 
16 15 70 640 
8 16 | 70 | 360 
2 17 70 | 102 
P| 18 70 112 | 
! | | 
310 trees: 
} Total cubic feet...............-2.--+- 6, 188 


Average annual accretion; White Pine, 123 cubic feet. 


(4) SITE d: Weymouth, Norfolk County. Sample area: lacre. 
[180 feet above sea level.] 


Soil: Brown or yellow sandy loam, medium grain, shallow, light, loose, dry, and well drained, Age of pine: 50 years. 
with 1 or2 inches mold on top and surface cover of abundant leaves; subsoil, gravel and stone. Density of crown cover: (hb 
Forest conditions: White Pine, with scattering Red Oak and occasional Maple and Hornbeam on 
somewhat hilly site; undergrowth dense, of White Oak, Red Oak, Gray Lireh, and Black 


Bireh.? Number of trees; 295. 
ACRE YIELD. 
| White Pine. 
Volume. 
| Diameter a 
lela (breast Height. Mer- 
: ‘| high). Bole. chantable 
| timber. 
Eek 
Inches. Feet. Cubic feet. Feet B. M. 
174 8 | 60 1, 740 
86 WW | 65 612 
26 ll 70 572 
21 12 70 546 
16 13 70 | 496 
10 l4 70 | 350 
4 15 | 70 160 
3 16 | 70 135 
1 17 | 70 51 
Bi 19 70 | 183 
1 21 70 | 78 


295 trees: 
| Total cubic fects... 2. 2. cecee eens c= 4,923 


Average annual accretion: White Pine, 98 cubic feet. 


! Undergrowth; Hemlock,7; Maple, 1; Red Cedar,1; Black Bireh, 4; Cherry,4; Poplar,1; White Oak, 1, with numerous small oaks. 
2 Intermixed species: White Oak, 5 from 3 to 6 inches diameter and over 40 feet high; 16 from to 6 inches diameter and under 40 feet high. 
Gray Birch, 8 from 3 to 6 inches diameter and over 40 feet high; 7 from 3 to 6 inches diameter and under 40 feet high. Red Oak, 2 from 10 to 
14 inches diameter and under 80 feet high; 20 from 6 to 10 inches diameter and under 60 feet high; 12 from 3 to 6 inches diameter and over 40 
feet high; 23 from 3 to 6 inches diameter and under 40 feet high. Cherry, 1 over 3 inches diameter and under 40 feet hgh. Black Bireh, 2 
from 3 to 6 inches diameter and under 40 feet high. Red Cedar,1 over 3 inches diameter and under 40 feet high. Maple, 1 over 3 inches 
diameter and over 40 feet high. Young White Pine, 47. 

Undergrowth: White Oak, 35, and numerous small ones; Cherry, 2; Red Cedar, 1; Red Oak, 4; Black Birch, 19, and numerous small ones; 
Hemlock, 1; Gray Birch, 2; Hornbeam, 1. 
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TaB.E VII.—dAcre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continned. 


C.—MASSACHUSETTS—Continued, 
(5) SITE e: Bridgewater, Plymouth County. Sample area: 1 acre, 
[100 feet above sea level.} 


Soil: Dark-brown loamy sand, medium grain, light, loose, shallow, fresh, with about 2 inches mold Age of pine: 45 years. 


on top, and surface cover of abundant leaves; subsoil, yellow fine sand. Density of crown cover: (1) 
Forest conditions; Cultivated White Pine, with occasional Gray Birch, on level plain; undergrowth 
of scattering Oak and Maple.! Number of trees: 374. 


ACRE YIELD. 


| White Pine. 
Volume. 
NER Diameter : ee 
| of trees, | (breast | Height. Mer- 
“| high). Bole. |chantable 
timber. 
Inches. Feet. Oubicfeet.| Feet B.M. 
240 8 55 | 2,160 
1 10 55 15 
42 10 60 | 672 
22 ll 60 418 
27 12 60 621 
15 13 60 390 
13 14 65 429 
6 15 65 222 
2 16 65 84 
4 17 70 204 
2 18 70 112 
374 trees: 
Wotalicubio' feet-c-—.--c---ccscecoeee 5, 327 


Average annual accretion: White Pine, 118 cubic feet. 


(6) SITES: Bridgewater, Plymouth County. Sample area: 1 acre. 
[100 feet above sea level.] 
Soil: Light-brown sandy loam, medium grain, shallow, light, loose, dry, well drained, with about Age of pine: 25 years. 


2 inches mold on top, and surface cover of abundant leaves; subsoil, gravel of all sizes. Density of crown cover: (?). 
Forest conditions: Cultivated White Pine, intermixed with young hardwoods and Pitch Pine. 
(Pine seedlings from woods, | to 2 feet high, set in furrows at 6 or 8 feet each way.)? Number of trees: 560. 


ACRE YIELD. 


White Pine. 
Volume. 
ND Diameter aan | Sanna 
hes Fe (breast Height. Mer- 
eee OS a nie) s Bole. |chantable 
| timber. 
Inches. Feet. |Cubicfeet. Feet B. M. 
115 Bid 20 | 
184 3to 6 30 
211 6 to 8 30 
47 | 8to10 | 30 
1 10 35 
2 14 | 35 
560 trees: 
Motalicubic feet ~-—-- <2. ---<n econ 1,536 


Average annual aceretion: White Pine, 61 cubic feet. 


1 Intermixed species: Gray Birch, 4 from 6 to 10 inches diameter and under 60 feet high; 7 from 3 to 6 inches diameter and over 40 feet high. 

Undergrowth: White Oak, 23; Maple, 3. ‘ : 

2 Intermixed species: Gray Birch, 13 from 3 to 6 inches diameter and under 30 feet high. Pitch Pine, 1 over 8 inches diameter and under 
80 feet hizh; 5 from 6 to 8 inches diameter and under 30 feet high; 28 from 3 to 6 inches diameter and under 30 feet high. Red Cedar, 1 over $ 
inches diameter and under 30 feet high. ‘ 

Undergrowth: Oak, 97; Gray Birch, 54; Pitch Pine, 16; Maple, 8; Cherry, 3; Hickory, 1. 


20233—No, 22 al 
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Tapie VII.—dAere yields of second growth White Pine, with measurements of young pine taken for analysis—Continued. 


C.—MASSACHUSETTS—Continued. 
(7) Sive g: Grafton, Middlesex County. Sample area: 1 acre. 
[500 feet above sea level.) 
Soil: Brown, nearly black, sandy loam, medium grain, shallow, fresh, well drained, with | or 2 Age of pine: 40 years. 


inches mold on top, and moderately leafy surface cover; subsoil, rock on ridge, yellowish wer b of crown cover: 0.8 
sand on low ground. tov. 


Forest conditions: White Pine on hill; undergrowth, dense, of Maple and Oak and some Chestnut, Number of trees: 323. 
Cherry, Gray Birch, and other hardwoods. ' 


ACRE YIELD. 


White Pine. 
| | Volume. 
Wamber Diameter SS 
of trees, | (breast | Height. Mer- 
* |. high). Bole.  chantable 
} | timber. 
| i | 
Inches. | Feet. |Cubicfeet. Feet B.M. 
176 | Bl 60 1,760 | 
2 10 | 60 32 
43 | 10 70 817 
44 ll 70 | 968 
23 12 | 70 | 598 
} 21 | 13 70 | 651 
8 14 70 280 
4 15 70 | 160 ) 
2 | 18 | 70 | 112 H 
323 trees: 
Total cubic feet...-.... 22... 0... ccece 5, 378 


Average annual aceretion: White Pine, 134 cubic feet. 


(8) Srve A: Worcester, Worcester County. Sample area: 1 acre. 
[About 600 feet above sea level.] 
Soil: Brown sandy loam, medium grain, deep, fresh, well drained, with about 1inch mold ontop Age of pine: 30 to 35 years. 


and a moderately leafy surface cover; subsoil, drift gravel and stones. Density of crown cover: 0.6 to 
Forest conditions: White Pine, with scattering Gray Birch and occasional Poplar and Pitch Pine __0.8 (in places 0.2 and 0. 4). 
on a hill; undergrowth, scanty, of Hemlock.? Number of trees: 301. 


ACRE YIELD. 


| White Pine. 


Volume. 
Diameter SSS 
Number “(breast | Height. | | Mer- 
we aks oP high). Bole, chantable 
timber. 
Inches. Feet. Cubic feet. Feet B.M. 
193 8 60 1,930 | 
39 10 | 70 741 | 
a4 ll | 7 748 
13 12 | 70 338 
12 13 70 372 | 
5 1 | il 175 
3 15 | 7 120 | 
1 16 | 70 45 | | 
1 17 | 70 51 | 
301 trees: 
Total'cubic feet.-.~ 2 -. 2222255. cet eae 4,520 


Average annual accretion: White Pine, 141 eubic feet. 


\ Intermixed species: Pitch Pine, 1 over 3 inches diameter and over 40 feet high; 1 over 6 inches diameter and under 60 feet high; 1 over 
10 inches diameter and under 80 feet high. White Birch, 2 from 3 to 6 inches diameter and over 40 feet high. Gray Birch, 6 from 3 to 6 
inches diameter and under 40 feet high. Young White Pine, 35. 

Undergrowth (under 3 inches diameter and under 40 feet high): Maple, 204 (mostly Striped Maple); Oak, 133; Chestnut, 19; Cherry, 11; 
Gray Birch, 6; Thorn, 4; Hamamelis,3; Hickory, 1; Hemlock, 1; Elm, 2. 

2 Intermizxed xpecies: Pitch Pine, 3 from 6 to 10 inches diameter and under 60 feet high. Populus grandidentata, 1 over 6 inches diam- 
eter and under 60 feet high. Gray Birch, 6 from 6 to 10 inches diameter and under 60 feet high; 31 from 3 to 6 inches diameter and over 40 
fe high. Poplar, 2 from 6 to 10 inches diameter and under 60 feet high. Hemlock, 1 over 3 inches diameter and under 40 feet high. Young 

yhite Pine, 90. 
Undergrowth : Oak, 53; Gray Birch, 1, and a few small Cherry, not counted. 
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TaBLeE VII.—dere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


C.—MASSACHUSETTS—Continued. 
(9) Srre 7: Northbridge, Worcester County. Sample area: 1 acre. 
[500 feet above sea level.} 


Soil: Yellow sandy loam, fine grain, deep, fresh, well drained, with about 4 inches mold on top, Age of pine: 35 years. 

and a moderately leafy surface eover; subsoil, probably ledge rock. Density of crown cover: 0.8. 
Forest conditions: White Pine, with occasional Birch and Maple, on a hill; undergrowth, moder- Number of trees: 413, 

ately dense, of Oak, Maple and Chestnut.! 


ACRE YIELD. 


White Pine. 
| Volume. 
= Diameter a Eee 
Mouton | (breast | Height. Mer- 
“| high). Bole. chantable 
timber. 
| Inches. Feet. Oubie feet. Feet B.M. 
284 | 8 50 2,556 | 
53 10 70 1,007 | 
36 | 1L 70 792 | 
. 20 12 70 520 
11 13 70 341 
7 14 70 245 
2 15 | 70 80 
413 trees: 
Total cubic feet.--..-......-.....-.-. 5, 540 
——| 
Average annual accretion: White Pine, 158 cubic feet. 
(10) Srrzj: Brookfield, Worcester County. Sample area: 1 acre. 


[800 to 900 feet above sea level. } 
Soil: Dark brown or black loam, fine grain, light, deep, fresh, well drained, with about 2 inches Age of pine: 35 to 40 years. 
mold on top and a moderately leafy surface cover; subsoil, rock not far below surface. Density ofcrown cover: 0.8. 


Forest conditions: White Pine, with occasional Pitch Pine and hardwoods on north slope of uneven Number of trees: 303. 
land; undergrowth dense, of various hardwoods, with Oak and Chestnut predominating.? 


ACRE YIELD. 


f 
White Pine. 


Volume, 
= Diameter } 
papaeabee (breast | Height. | _ Mer- 
of trees.) ‘nich). Bole. chantable 


timber. 


Inches. Feet. Oubicfeet. Feet B. M. 


165 | 8 55 1,485 | 
43 9 55 516 | 
1 10 | 55 15 | 
33 10 | 60 528 
25 vile | 60 475 | 
14 12 60 322 
14 13. | 60 364 | 
ii 14 | 65 231 | 
1 1b 65 37 


303 trees: 
Total/eubic feet: ---+-=.5-cacessenee se 3, 973 


Average annual accretion ; White Pine, 104 eubie feet. 


1Intermixed species: White Maple, 1 over 6 inches diameter and under 60 feet high; 2 from 3 to 6 inches diameter and over 40 feet high. 
Maple, 2 from 10 to 14 inches diameter and under 80 feet high; 8 from 8 to 6 inches diameter and over 40 feet high; 1 over 3 inches diameter 
and under 40 feet high. Apple, 1 over 3 inches diameter and over 40 feet high. Young White Pine, 77. 

Undergrowth; Oak, 152 (und numerous small trees) ; Chestnut, 52; Gray Birch, 1; Maple, 12 (and numerous small trees); White Maple, 3. 

2 Intermixed species: Pitch Pine, 2 from 10 to 14 inches diameter and under 80 feet high; 5 from 6 to 10 inches diameter and under 60 feet 
high. Oak,1 over 6.inches diameter and under 60 feet high; lover3 inches diameter and over 40 feet high; 1 over 3 inches diameter and 
under 40 feet high. Gray Birch, 21 from 3 to 6 inches diameter and over 40 feet high; 4 from 3 to 6 inches diameter and under 40 feet high. 
White Birch, 1 over 3 inches diameter and over 40 feet high. Maple, 1 over 6 inches diameter and under 60 feet high; 1 over 3 inches diame- 
ter and under 40 feet high. Chestnut, lover 10 inches diameter and under 80 feet high; 1 over 3 inches diameter and under 40 feet high. 
Poplar, 1 over 10 inches diameter and under 80 feet high. Young White Pine, 89. 

Undergrowth: Oak, 404; Chestnut, 188; Maple (Red and White), 92; Black Birch, 27; Hemlock,7; Ash, 30; Gray Birch, 32; Cherry (and 
numerous small trees), 1. Numerous small Poplars not counted. 


164 THE WHITE PINE. 


Taste VII.—dAore yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued, 
C.—MASSACHUSETTS—Continued. 
(11) Sire k: Charlton, Worcester County. Sample area: l acre. 
{About 800 feet above sea level.) 
Soil: Dark-brown sandy loam, medium grain, loose, deep, fresh, well drained, with about 2 inches Age of pine: 48 years. 


mold on top, and a moderately leafy surface cover; subsoil, rock and sand. Density of crown cover: 0.6 
Forest conditions: White Pine, nearly pure, with 18 young trees on a hill; undergrowth scanty, of 
Chestnut, Maple, Oak, and Cherry. Number of trees: 446. 
ACRE YIELD. 
White Pine. 
Volume. 
q Diameter is 
pehelees (breast | Height. Mer- 
*| high). Bole. chantable 


| timber. 


Inches. Feet. Cubicfeet. Feet B. M. 
2,770 | 


277 8 60 A 
62 10 70 1,178 
50 ll 70 1,100 
29 12 70 754 
13 13 vi 403 
9 l4 70 B15 
3 15 70 120 
3 16 70 135 
446 trees: 
‘Potal cublostesh=---<.n- sco eneeeascene 6,775 


Average annual accretion: White Pine, 141 cubic feet. 


MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


SITE b. 
Resi as re 
| engt verage 
Height, | Volume Factor | of crown, annua 
BM" | of tree. | ahane, | te total | accre- 
Pe ‘height of tion. 
| tree. | 
Feet. Cu. ft. Cu. ft. 
71.5 31.7 0.47 0.47 0.61 
60.0 | 13.8 122 5 
62.5 15.6 . 36 
~~ 65.0 iy ta i 
SITE ¢. 
59.0 19.7 0.48 0,37 0 36 
71.5 36.3 49 a2 | 270 
64.0 16.3 «52 28 | 33 
65.0 aa | 50 | 36 46 | 


| 
0.45 | 0.40 ! 0. 22 


49 36 | 33 
48 -50 


AT 42 37 


Average...| 36.3 | 9.0 | 53,0 13.1 54 sd5ei| 88 | 
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TaBLE VII.—dAcre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


D.—NEW HAMPSHIRE: 
(1) Sve l: Boscawen, Merrimack County. Sample area: 1 acre. 
[300 feet above sea level. 


Soil: Dark-brown loamy sand, coarse grain, porous, loose, shallow, dry, well drained, with linch Age of pine: 40 years. 
mold on top and moderately leafy surface cover; subsoil, yellow sand. Density of crown cover: (7) 
Forest conditions: White Pine, with scattering Red Pine on somewhat uneven land, which slopes 
east to the Merrimack River and falls off west to bordering run; undergrowth of few Hem- 
lock and small White Pine.! Number of trees: 1,077. 


ACRE YIELD. 


White Pine. 
| Volume. 
b | Diameter — | 
Neuber (breast | Height. | | Mer- 
“| high). Bole. chantable 
| timber. 
| 
Inche.. Feet. Cubiefeet. Feet B. M. 
150 |Unders | 20). |e csesteas | 
619 3to6 | CU a or | 
195 6 to8 50 1,365 
65 8told | 50 715 
30 10 50 390 
7 iil} 50 112 
4 12 | 50 76 
| 5 13 | 50 110 
1 14 | 50 25 
1 16 | 50 39 ! 
1,077 trees : 
Motalicupic feets-=----seracaes aceasta es 2, 832 
Average annual accretion: White Pine, 71 cubie feet. 
(2) SITE m: Franklin, Merrimack County. Sample area: 1 acre. 


[900 to 1,000 feet above sea level.] 
Soil: Brown sandy loam, medium grain, compact, moist, well drained, with 1 to 3 inches mold on Age of pine: 40 to 45 years. 


top and moderately leafy surface cover; subsoil, rock. Density of crown cover: 0.9. 
Forest conditions: White Pine intermixed with Maple and Birch, on a hill; undergrowth, moder- 
ately dense, of young Maple, Birch, and other scattering hardwoods.? Number of trees: 410. 


ACRE YIELD. 


White Pine. 
| Volume. 
Diameter ———— SS 
af trees. | (breast Height. Mer- 
2 ‘| high). | Bole. chantable 
| | timber. 
| Inches. Feet | Cubiefeet.| Feet B.M. 
298 8 60 | 2,980 | 
Re) 9 | 60 91 
47 | 10 70 893 
38 | 11 70 | 836 | 
9 | 12 70 | 234 | 
7 13 70, |e s27a 
2 14 | 70 | 70 
1 15 70 | 40 
1 16 70 45 
410 trees: | 
Total cubic feet.......--. hentasccecns 5, 406 


Average annual accretion: White Pine, 120 cubie feet. 


1 Intermixed species: Red Pine, 1 over 10 inches diameter and under 40 feet high; 2 from 8 to 10 inches diameter and under 40 feet high; 
4 from 6 to 8 inches diameter and over 40 feet high; 4 from 6 to 8 inches diameter and under 40 feet high; 5 from 3 to 6 inches diameter and 
over 40 feet high; 13 from 3 to 6 inches diameter and under 40 feet high. Red Pine, 1 over 8 inches diameter aud over 40 feet high; 1 over 3 
inche= diameter and over 40 feet high; 1 over 3 inches diameter and under 40 feet high. 

Undergrowth: Hemlock, 26; Gray Birch, 1. : ; ; ; i 

2 Intermixed species: Red Maple, 11 trom 6 to 10 inches diameter and over 60 feet high; 6 from 6 to 10 inches diameter and nnder 60 feet 
high; 30 from 3 to 6 inches diameter and over 40 feet high; 3 from 3 to 6 inches diameter and under 40 feet high. White Birch, 7 from 10 to 
44 inches diameter and under 80 feet high; 26 from 6 to 10 inches diameter and over 60 feet high; 29 from 3 to 6 inches diameter and over 40 
feet high. Red Oak, 2 from 3 to 6 inches diameter and over 40 feet high. Prunus serotina, 1 over 6 inches diameter and under 60 feet high. 
Poplar, 2 from 6 to 10 inches diameter and over 60 feet high. Hemlock, 2 from 3 to 6 inches diameter and under 40 feet high. Chestnut, 1 
over 6 inches diameter and over 60 feet high. Young White Pine, 119. 

Undergrowth: Red Maple, 23; Cherry, 3; Hamamelis, 14; White Birch, 2; Hemlock, 4; Ash, 1; Poplar, 1. 
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TasLe VII.—dAere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


D.—NEW HAMPSHIRE—Continued. 
(3) SITE n: Hopkinton, Merrimack County. Sample area: 1 acre. 
[800 to 900 feet above sea level.) 


Soil: Brown, gray, or nearly black sandy loam, fine grat, moist, well drained, with mold on top Age of pine: 60 to 65 years. 
and moderately leafy surface cover; subsoil, rock. Density of crown cover: 0.8 


Forest conditions: White Pine, with occasional Red Pine,on a hill; undergrowth, moderately dense, to 0.9. 
of Hemlock and seattering kardwoods; on occasions dead and little suppressed trees cut out 
and trimming done.' Number of trees; 291. 


ACRE YIELD. 


White Pine. 


| Volume. 


| Diameter aS 
Aamaber (breast Height. | Mer- 
“| high). _ Bole.  chantable 
} timber. 


Inches. Feet. Cubicfeet. Feet B. M. 
540 


54 8 60 
43 | 10 70 817 

48 | 11 70 1, 056 

36 12 70 936 

Ain 13 | 70 1147 

Eh || 14 70 945 

| 15 70 560 = 
M4 | 16 70 630 

8 | 17 80 464 

Sal 18 80 192 

3 19 | 80 210 

1 20 80 77 

2 92 80 192 

1 23 


291 trees : 
Total cubic feet 


Average annual aceretion: White Pine, 127 cubic feet. 


(4) SITE o: Hopkinton, Merrimack County. Sample area: 1 acre. 
[800 to 900 feet above sea level.] 
Soil: Brown loam, fine grain, moderately loose, fresh, well drained, with 3 to4 inches mold on Age of pine: 35 to 40 years. 


top and leafy surface cover; subsoil, rocks not very far down. Density of crown cover: 0.8. 
Forest conditions: White Pine with occasional Red Pine on a north slope of hill; undergrowth, 
moderately dense, of Elm, Maple, Hemlock, and occasional hardwoods.” Number of trees: 435. 


ACRE YIELD. 


White Pine. 
Volume. 
- Diameter |—— 
yambes (breast Height. Mer- 
* high). Bole. chantable 
timber. 
| | 
“ Inches. Feet. COubicfeet. Feet B.M., 
63 3to 6 40/9 | ooo SS ee | 
189 6 to 10 50 1,701 
56 10 60 876 | 
52 TL} 60 988 | 
26 ibs 60 598 
27 13 60 702 
8 4 60 249 | 
1 15 65 418 | 
3 | 16 65 126 | | 
435 trees: 
Total cubic feet .---...+cccewss.-s-0e-= 5, 649 


Average annual accretion: White Pine, 148 cubic feet. 


Er aft peal species: Red Pine, 6 from 10 to 14 inches diameter and under 80 feet high; Maple, 1 over 10 inches diameter and under 
80 feet high. 

Undergrowth: Hemlock, 98; Beech, 4. 

2 Intermizxed species: Red Pine,3 from 10 to 14 inches diameter and under 80 feet high. Maple, 2 from 3 to 6 inches diameter and over 
40 feet high. White Birch, 1 over 3 inches diameter and over 40 feet high. Apple, 2 from 10 to 14 inches diameter and under 80 feet high. 
Hemlock, 3 from 3 to 6 inches diameter and under 40 feet high. 

Undergrowth : Elm, 64; Cornus alternifolia, 1; Beech, 1; Hemlock, 36; Cherry, 2; Ash, 1; Hamamelis, 1; Maple, 62; numerous small 
Maples; small Oaks. 
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Taste VII.—Aere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


D.--NEW HAMPSHIRE—Continued. 


(5) SITE p: \ Litehfield, Hillsboro County. Sample area: 1 acre. 
[About 250 feet above sea level.) 


Soil; Dark-brown sandy loam, fine grain, porous, light, “loose, shallow. dry, well drained, with Age of pine: 35 to 40 years. 


about 2 inches mold on top and moderately leafy surface cover; subsoil, yellowish fine sand Densityof crown cover: 0.7 to 
with clay about 4 to 6 feet below surface. i 


Forest conditions: White Pine with scattering Pitch Pine on level plain; undergrowth scanty, of 
Maple, Birch, and few other hardwoods.' Number of trees: 517. 


ACRE YIELD. 


White Pine. 
Volume. | 
. | Diameter —— 
ae: (breast Height. Mer- 
‘| high). Bole. chantable 
} timber. 
| 
Inches. Feet. |Oubicfeet. Feet B.M. 
5 Under3 VW eee see 
182 | 3to6 10's |eeeeemeee 
2338 «6 to 10 50 2, 097 
30 | 10 60 480 
19 | 11 60 361 
13 12 60 199 
10 | 13 60 260 
12 14 65 396 
6 15 65 222 
2 16 65 | 84 
2 17 70 102 
> 1 18 70 56 
al 19 70 61 
1 22 70 78 
517 trees: 
Total cubic feet .-.------------------ 4, 396 


Average annual accretion: White Pine, 15 cubie feet. 


(6) SITE q: Hillsboro County. Sample area: 1 acre. 
[About 700 feet above sea level.) 


Soil: Brown loam, fine grain, deep, moist, well drained, with 2 to 4 inches mold on top and abund- Age of pine: 40 to 45 years. 


ant leafy surface cover; subsoil, compact, clayey sand. Density of crown cover: In 
Forest conditions: White Pine with scattering Maple and Hemlock on hill; undergrowth dense, clusters. 
of Maple, Oak, Chestnut mainly, and few other scattering hardwoods.? Number of trees: 371. 


ACRE YIELD. 


White Pine. 
| Volume. 
|» _ Diameter 
Prete | (breast | Height. | | Mer- 
OATEOS: high). | Bole. chantable 
| timber. 
Inches. Feet. Cubicfeet. Feet B.M.) 
76 3 to6 AQ jo -cecennne | 
153 6to10 | 50 1,377 
36 10 60 576 | 
40 11 60 760 
31 | 12 | 60 713 | 
17) | 13 60 442 | 
2 14 60 240 
6 15 65 222 
3 16 65 126 | 
1 17 65 47 | 
371 trees: | 
Total cubic feet..--.-----.-----+------ 4,503 | 


Average annual accretion: White Pine, 107 cubic feet. 


= 


1Intermixed species: Gray Birch, 1 over 3 inches diameter and over 40 feet high; 1 over $ inches diameter and under 40 feet high. 
Maple, 1 over 6 inches diameter and under 60 feet high; 1 over 3 inches diameter and over 40 feet high; 2 over 3 inches diameter and under 40 
feet high. Pitch Pine, 1 over 10 inches diameter and over 80 feet high; 9 from 10 to 14 inches diameter and under 80 feet high. 

Undergrowth: Maple, 9; Gray Birch, 8; Cherry, 1; Oak, 4; Spruce, 1; numerous small Oaks and Poplars. ; 

2 Intermixed species: Hemlock, 12 from 6 to 10 inches diameter and under 60 feet high; 8 from 3 to 6 inches diameter and under 40 feet 
high. Maple, 1 over 10 inches diameter and under 80 feet high; 2 from 6 to 10 inches diameter and over 60 feet high; 21 from 6 to 10 inches 
diameter and under 60 feet high; 26 from 3 to 6 inches diameter and over 40 feet high; 11 from 310 6inches diameter and under 40 feet high. 
White Oak, 5 from 3 to 6 inches diameter and over 40 feet high; 3 from 3 to 6 inches diameter and under 40 feet high. Cherry, l over 10 inches 
diameter and under 80 feet high; 1 over 6 inches diameter and under 60 feet high; 2 from 3 to 6 inches diameter and over 40 feet high. 

Undergrowth: Chestnut, 202; Cherry, 8; Maple, 492; Black Birch, 3; Ash, 21; White Oak, 229; Hemlock, 20; Elm,9; Thorn, 1. 
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Tasie VII.—dAecre yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued. 


D.—NEW HAMPSHIRE-—Continued. 
(7) Sire r: Milford, Hillsboro County. Sample area: 2 acres. 
[300 to 400 feet above sea level.) 
Acre No. 1. 


Soil: Dark-brown sandy loam, fine grain, shallow, dry, well drained, with 1 to 2 inches mold on Avge of pine: 35 to 40 years. 
top and surface cover of abundant leaves; subsoil, light colored and powdery, 6 to 10 inches Density of crown cover: Full. 
deep, probably sandy lower down. \ 

Forest conditions: White Pine on slope; undergrowth, dense, of Oak mixed with Maple, Chestnut, 
and other scattering hardwoods. Number of trees: 794. 


ACRE YIELD, 


White Pine, | 


| | Volume. | 
Diameter === 
pee (breast Height. Mer- 
‘| high). | Bole.  chantable 
| | | umber. 
| | 
Inches. Feet. Cubic feet. Feet B. M. 
339 3to 6 UE eens 
323 Gto 8 50 2, 261 
108 8 to 10 50 1,188 
nb ey 10 50 143 
9 ib 50 144 | 
2 12 50 38 | 
2. | 13 50 | 44 
794 trees: 
| Totalicuble fet=----..-c-ssw-eare es 3,818 


Average annual accretion: White Pine, 109 cubic feet. 


Acre No. 2. Age of pine: 35 to 40 years. 


Soil: Brown sandy loam, medium grain, loose, fresh, 1 foot deep, with 2 inches mold on top anda Density of crown cover: 0.6 
moderately leafy surface cover. to 0.7. 

Forest conditions: White Pine with scattering Maple on north slope of hill; undergrowth, in va 
moderately dense, of Ash, Maple, and few other hardwoods, and in denser parts very little 
undergrowth.? : Number of trees: 503. 


ACRE YIELD. 


White Pine. 
Volume. 
Diameter S| 
| sca (breast | Height. | Mer. | 
Iegeees aii enTe = | Bole. chantable) 
| | timber. 
Inches. Feet. Oubic feet. Feet B.M. 
151 3to 6 ee RE estan. 
236 6 to 10 50 2,124 
44 10 55 660 
21 | ll 55 378 
7 12 55 357 | 
10 13 | 55 240 
ll 14 60 330 
5 15 60 175 
on) 16 60 17 
2 | 17 60 86 
1 19 60 57 
ig] 20 70 72 
1 21 70 vi 
503 trees : 
Total cubic feet............. Perc os 4, 674 


Average annual accretion: White Pine, 123 eubie feet. 


' Intermixed species: Oak, 1 over 10 inches diameter and over 50 feet high; 1 over 8 inches diameter and under 50 feet high; 3 from 3 to 6 
inches diameter and over 40 feet high. 

Undergrowth: Oak, 381; Maple, 64; Chestnut, 41; Gray Birch, 4; Yellow Birch, 1; Hemlock, 1; Cherry, 14, with numerous small trees. 

* Intermizxed species: Maple, Lover 10 inches diameter and under 80 feet high; 5 from 6 to 10 inches diameter and under 60 feet high; 
4 from 3 to 6 inches diameter and over 40 feet high; 2 from 3 to 6 inches diameter and under 40 feet high. Cherry, 1 over 6 inches diameter 
and under 60 feet high; 2 from 3 to 6 inches diameter and under 40 feet high. Apple, 1 over 6 inches diameter and under 60 feet high; 1 over 
S inches diameter and under 40 fect high. Pitch Pine, 2 from 6 to 10 inches diameter and under 60 feet high. White Birch, 1 over 6 inches 
diameter and over 60 feet high. 

Undergrowth: Ash, 45; Maple, 8; Cherry, 3; Oak, 5; Hamamelis, 10; Chestnut, 1; Elm, 2. 
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TABLE VII.—Aere yields of second-growth White Pine, with measurements of young pine taken for analysis—Continued, 


D.—NEW HAMPSHIRE-— Continued. 
MEASUREMENTS OF SAMPLE YOUNG PINE TREES. 


Age class» Under 50 years. 


SITE l. 
: | | : Ratioof 
Diameter, Rings | _ Factor. | length | AVerane 
2 i io | per inch | Volume ° ofcrown Current annual annua 
Tree number. Age. Gree Height. on | of tree. aon e. |.t0 total | accretion. acere- 
es stump. eaere: ‘height of tion. 
| tree. 
Years. | Inches. Feet. No. | Cubic ft. Per cent. Cubie ft. Cubic ft. 
i] | 
41 6.8 44 |... Bec 5.6 0.51 OPES it | Sa create eee etataes 0, 30 
iB Ge 20 
24 
Average... ae DUNE poeeral tener ~25 
| 


| Average -.. 


SITE 0. 


SITE r. 
—— 
He emnogccasccosond 81 17 73 4 48.2 0. 42 0.53 4.6 5 
stones berets | 7 v7 74 4 52.4 44 -55 3.0 : 
17 73.5 4 50.3 43 54 3.8 1.89 | 63 | 


Average -.. 79 


SCHEDULES AND SAMPLE RECORDS: 


SCHEDULES AND SAMPLE RECORDS. 


FORMS USED IN THE INVESTIGATION. 


FORM NO. 1. 


United States Department of Agriculture. 
DIVISION OF FORESTRY. 


RECORDS OF TREE MEASUREMENTS. 


Name of collector: N. 
Species: White Pine. 
Year: 1897. 
GENERAL DESCRIPTION OF STATION, 


[Denoted by capital letter. ] 


State: Pennsylvania. County: Clearfield, Town: Dubois. 

Longitude: 78° 45’. Latitude: 41° 3’. Altitude: 1,200 to 1,500 feet. 

General configuration: Plains hills plateau mountainous. 

General trend of valleys or hills: (Not noted.) 

Climatic features: (Meteorological tables furnished. ) 

General forest conditions of the region: This region in 1876 extended over 20,000 acres. The lumber operation 
carried on for twenty years by Mr. Du Bois left for the present only from 1,500 to 2,000 acres standing timber in a 
primeval condition. 

Three typical forms of forest conditions are suggested to the observer: 

(1) Hemlock and White Pine forest, with an admixture of mature hardwoods and a number of young bard- 
woods and young Hemlock, which form the undergrowth. 

(2) Hemlock mixed with White Pine, with scattering hardwoods; the undergrowth usually moderately dense, 
consists mainly of young Hemlock with the admixture of young hardwoods. 

(8) Hardwoods intermixed with White Pine and scattering Hemlock. The undergrowth here consists mainry 
of young hardwoods. ; 

Among the hardwoods, the Oak, Birch, and Maple form the staple of the hardwood forest, while the Beech, 
Chestnut, Hickory, Cucumber, Ash, Cherry, and Basswood are comparatively few in number. The region has a 
uniform soil and subsoil as it may be judged by the sample areas NN. 5, 6, and 7, and is well provided with moisture 
by the many streams crossing it all over in different directions. 
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THE WHITE PINE. 


DESCRIPTION OF SITE. 


{Denoted by small letter.] 
Sample area, No. 5: (One acre.) 


Contormation of surface: Hill sloping toward southwest, where it is bordered by the left-hand branch of Irish 
Narrow Creek. ; 
Soil and drainage conditions: Yellow clay loam of a medium grain (fine shale in it), deep, fresh, well drained, 


2 to 3 inches mold on top. 

Subsoil: Laminated giale of an indefinite depth. 

Soil cover: Scanty leaves, fern, and teaberries. 

Origin of stand: Natural regeneration. 

Form: Uniform; storied. White Pine forms first and Hemlock the second. 


Composition: Astanc of Hemlock mixe: with White Pine, intermixed with scattering Maple, Beech, and Birch. 
Undergrowth: Absent; dense; moderately dense; scanty; consists of very young Beech, Hemlock, and occa- 
sional Bireh, Cucumber, and Dogwood (Laurel in northeast corner). 


Density of stand: 0.7 (in epee 0.8). 


ReMaRKs.—Crowns of White Pine generally well developed; clear and straight stems. Age of White Pine 
230 to 260 years. Age of Hemlock almost the same as that of White Pine. 


ACRE. YIELD MEASUREMENTS. 


(in inches). 


Diameter at breast height 


Name of species. Undergrowth. 


White Pine. Maple. 


& 
= 
S 
° 
= 
& 
5 
5 
ix) 
<a 


height 

0. 
height 
inant height 


from 80 to 100, 
height 


jes] 
0 to 120. 2 
o 
ix) 
rom 80 to 100, 


] 
| 3-6 


1 80 to 100, 


ant 
ant 


from 90 to 1 
from 40 to 60. 
from 60 to 80. 
rom 40 to 60, 
from 60 to 80, 
from 40 to 60, 


from 100 to 140, 


Codominant height 
| Codominant height 


Codominant height 
Codominant height 


Oppressed 
Dominant 
Oppressed height 
Soe height 
Oppressed height 


= 
5 


mH 
Code 


Hemlock. | Name of species. 


re 
Maple. 


Beech. 


Birch. 


ies 
Cnueumber. 


DEDUCED RESULTS. 


Total number of trees on the acre: 132, of which there were— . 

First species: White Pine, 37; dominant, 41 per cent; codominant, 48 per cent; oppressed, 11 per cent. 
Second: Hemlock, $4; dominant, 32 per cent; codominant, 26 per cent; oppressed, 42 per cent. 
Third: Maple, 5. 

Fourth: Beech, 3. 

Fifth: Bireh, 3. 

Total yield of the acre: Volume of stems, 15,686 cubic feet; merchantable timber, 90,103 feet B. M. 
Of which there were— 

First species: White Pine, 58 per cent of total yield. 

Second species: Hemlock, 42 per cent of total yield. 

Third, fourth, and fifth species: Hemlock not taken into consideration. 

Average annual accretion: In cubic feet, 65; merchantable timber, in feet B. M., 375. 


Diameter 
(breast high). 


Under 


inches. 3 inches. 


10 


SCHEDULES AND SAMPLE RECORDS. 
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178 THE WHITE PINE. 


FORM NO. 5. 
SITE: f. AGE CLASS: 240 to 260 years. Species: White Pine. 
| Volume. aes 
| s |$a 
| | s (EF | 
g aa | ia a | 
S E ES\owe 
= = - | -= 
S| |818| || \es(ees 
= pan es ject te || ets |? oo 
Location. Description of site. = }o}|so}] = g |eliens 
: g 1 een cel aioe ‘== ae 
5 | 2 | a | = | Ss |Z /bo20'S = 
2 | = = GS S | 2 |§siec8 
i] +] essa et) | = |3 e7|Fse z 
z e\zlale|.|2isle eeal 2 
o|s|8|m|]m| &|] ¢s |} = |} = eee e 
F/@|2/Sis\/f)/ 2) 8 | sis |geas8! & 
a\4/A|m flee Ss iae m4 
| | | 
| Feet. | 
| Yrs|In. Ft | No. Cuft.|B. M.) | 
Dubois, Clear-| Hemlock, mixed | 1 260 354 158 90, 7.6 435.4 3, 0300. 400, 43 58 | 
field County, with White Pine, | 2) 260 36 | 157 90) 7.0) 481.3) 3,401) .43) .42 59 
Pa; lati-| with seattering | 3 259 32 | 152 84) 7,8) 396.0 2,637.46 .44 55 | 
tude, 4193’; Maple, Beech,and | 4 241 32) 150 62) 6.6 347.7 2,079 .41 .59 50 
longitude, —_Bireh, on a hill | 10 244 33 146 96, 6.8) 365.9 2,384 -A2 34 54 
78° 45'; alti- sloping toward | 12 262 28 | 156 88) 9.0) 285.8 1,648 43) .43 47] os 
tude, 1,200 to southwest, where | 18 265 39 | 153) 88) 6.0) 511.1, 3,318 .40 .42 54] 
1,400 feet. it is bordered by | 19 250 34 | 150 78 6. 3) 402.4, 2,897 .42 .48 49,5 
| the left-hand | 20 266 44 | 144 100) 5.7 638.4 4,388 .42 .30 7 A 
| branch of Narrow | 21 245! 34 | 146) 92) 7.1) 366.7, 2,248 140) .37) 51 | 5 
Creek. The mod- | 23 248) 34 | 142. 90) 7.2) 373.4 2,318 .42) .37, 511A 
erately dense un- | 33 259) 33 | 133, 91) 8.0) 304.5 1,770 .40 .31) 48 
dergrowth con- | 34 262 33 | 144 90) 7.4) 369.2 2,220.42) .38 50 
sistsofvery young | 35 263 31 | 144 82) 8.5) 275.2) 1,458 36) 43) 44 
Beech, Hemlock, | 36 241 314 134) 88) 7.1| 307.7) 1,853, .42) .34) 50 
and occasional 37 261 37 | 146, 106 6.7) 482.9) 2,970) 44.27) 59 
Birch and Cucum- |—- ———/—_|_—__.____| ____ —_ — 
ber. | | 
Average .......|... 255 34 | 147) 88 7.0) 390.0 2,507) .41 .39 52 
| | | | 
Soil: Yellow clay | 28 262 284 138) 75) 9.8 264. 3 1,551.43 .45 49 
loam of a medium 25 244 284 138) 107 7.7 298.1) 1,954) .49 . 22 54 
rain (fing shales | 24 245 25 | 130) 84) 9.3) 192.1) 1,102) .43) .35 48 
in it), deep, fresh, | 22 246 31 | 130) 82) 7.3) 310.3) 1,731) .45) .37 46 
well drained, with | 5 264 29 | 140) 100) 8.4| 300.4 1,905.47) .28) 52, 
2to3inches mold | 6 264 29 | 140) 110) 8.5) 291.4) 1,631) .45) .21 47 
on top,and with a | 7 262 29 | 152) 112 9.5, 302.8 1,854) .46 . 26 S1]} . 
surface cover of ; 8 235; 29 | 142 86)....| 248.6 1,3180.380.39 41 
scanty leaves,| 9 7 1,648) .36) .41 48 g 
fern, teaberries, 31,947) 44.42 53-5 
and scattering 0) 1,048) .48 . 37 42 8 
Dogwood (Laurel 1 1,233| 46.30 47, | 2 
in northeast cor- 2 1,389 61 28) 4515 
ner and on north 8) 815) . 40) . 25 41 } 
side). 4) 1,183) .49 16 46 
Subsoil: Laminated 2) 1,021) .40) .28) 47 
shale of an indefi- 6 1,336.44, .32 48, 
nite depth. 5 1,577, .46, .40 47 
8 863) .41 .33 37 
9) 1,322) .46) .30 46 
i — — —— 
A verage...... ->-| 253) 27 138) 93) 9.0) 250.0 1,421) .44 .32 47 
| / | | 
27, 259) 19 | 132) 9411.6) 138.8 683) .53 .29 41 3 
38, 260) 23 | 137 9613.1 189.6 987) .48 .30 43 (22 
39) 258 203 123 10913.0 130.9 558) .46 .11 35 Os 
40 261, 164 120 82 13.7, 89.6 339) 50 .31 31 & 
Average...... as 
lt 


259) | 128 9512.3 137.0 642) .49 .25 37 
{ ! { | | | { ! 
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Abbot's white-pine sawfly, note..........-------.---.- eacsee ess 60 
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average annual, for old trees 37 


Page. 
Buprestid, species injurious to pine; description ............- 58 
Cambium of pine, characteristics. s 25 
Canada, field of commercial pine ...-........ pceercescecse soteic 15 
occurrence:of Wiite/Pine os<coc eee eence cena anes 18 
original and present supplies of White Pine.........-. 19 
“rossing’’ as protection from pine bark-borer ...-....- 56 
trade in White Pine 18 
Canadian pinery, note 14 
Canby, William M., note on occurrence of White Pine in Dela- 
WALGi Snow pean e ae eee ee SS eSooniteceneee Geers 7) 


Carbolated wash, remedy for beetles on pine ..-...--..--...-- Ae 
Carbolic acid, use against pine weevil... . 
Cary, Austin, measurements of White Pine 
Caterpillar injurious to pine, notes 
Cattle, injurious to pine forests 
Cedar, White, and Cypress as substitutes for White Pine....-. 

Cells in pine wood, discussion. a 
Cerambycid beetles, injury to pine 
Chaleophora, species injurious to pine 
Champaign, Il., instructive plat of White Pine 
Chermes pinicorticis, ‘* pine blight,” note 
Chieago, growth of White Pine trade 
Chionaspis pinifolie, manner of injury to pine... 
CHITTENDEN, F. I1., discussion of ‘‘ Insect enemies of 
Pine” 
Chlorophyll, occurrence in young pine 
Circumference of pine trees, measurements of annual gain. 
Classification of White Pine...... 
Clay and loam lands, reproduction of White Pine.-..........-- 
land, relation of specitie weight of pine wood 


25, 


White 


| Climate and soil, demands for development of White Pine. ...- 


diameter, of pine, discussion - 34 
yearly, of White Pine, notes 31 

Acre yield of second-growth White Pine, with measurements of 
WORT IG) 2 68 Sone eS SocSd coe SoC D SESS ARCacaaS 148-169 
White Pine in natural forest 46 
young pine proves).--- 2225-5 = oo. 43 
yields of White Pine and measurements of sample trees. 116-147 
Adirondack mills, output of White Pine..............--.-..--- 17 
region, destruction of young pine growth by fire... 63 
Adirondacks, composition of forest .....-..-.-.----------..---- 40 
condition as to reproduction of White Pine. 62 
growth of White Pine .....-..-.....--..--.-.---- 12 
Agaricus melleus, injury to White Pine...........-...---.----- 51 
Age classes of White Pine, tables of measurements.--. ...---- 88-92 
Alleghenies, occurrence of White Pine ..-.... Seness neoaeaee sae 13 
Alpena, Mich., first sawmill -- ity) 
Arbor, Mich., growth of pine.- 28 
ual height growth of White Pine in first hundred yeurs. -. 31 
rings, comparison for varieties of pines.......--.--.--- 25 
PASPHIS WL ILA bine NOLe® cose: eee eine oo eine sic cancccsce 59 
Arborvit#, concomitant of White Pine .-.-.-. Set POL SR. ARES 40 
mixture with White Pine......-.....-. ccerebesance 14 
Area accretion of White Pine.-.--...-..-.--.....--.--.---.---. 36 
Artificial reproduction of pine, discussion 63 
Ash, result of planting with White Pine....................--- 66 
Atlantic, injury by raw winds to White Pine.........-----.--. 51 
Balsam Fir, admixture with White Pine..............-.....--. 12 
Bark-beetle, destructive to pine, discussion............---..--. 55 
pine, description and injury - 55 
Bark-beetles other than pine bark-beetle, injurious to “SHIVER 56, 57 
Bark of pine, manner of growth and function ..........-..-- as 25 

White Pine, slight protection against fire............. 49 | 

Barn lumber, use of pine...-..-..-..---- eemeret canes aceon 81 
Bebb, M.S., note on White Pine in Illinois ..........--..-..-.--. 15 
Beech, Birch, and Maple, effect of shade on White Pine........ 43 
with pine in Adirondacks = 40 


Beetles, bark, destructive to pine 


Buprestid, injurious to pine, description. - - 58 
Belfast, Me., trade in White Pine 16 
Bhotan Pine, relationship to White Pine...........-..---..---. 21 
Birch, Maple, and Beech, effect of shade on White Pine - < 43 
; wathspine in’ A dirondacks.- =. 2c--s-s-+c-+ sec -eaee-- se oee 40 
Black Spruce, usefulness for planting with pine ......-..-.-.-. 64 
Board and cubic contents of White Pine, tables .--... --- 85-147 
Boards, plank, and ‘dimension stuff'' of White Pine, sizes. --. SL 
Boat building, use of White Pine..........-.-...-....--. . 81 
Boles of pines, variation with character of associated trees.... 43 
Borers and pine sawyers, discussion...-....--------.----------- 57 
Botanical description of White Pine..-.- ae eet ee Ueeeinaee ne 20 
OES OSC NARUC SN aes Aa osterior Cneericaescncigco’ 12 
Box Elder, result of planting with White Pine 66 
IBOXOs Ube OFM MILGNeINe ca -accamceosec tsa arn =o 81 
Boynton, F. E., note on occurrence of White Tine in the Caro- 
MO) Seageaococecdeonces BH CoS ER PODS aC RADA OA Sae ost ose cage 15 
Branch, root, and stem system of White Pine ....-....--....--- 21 
Britton, N. L.. note on oceurrence of White Pine in New Jersey. 15 
Brookings, S. Dak., failure of plantings of White Pine......... 67 


influence on height growth. - 

Coleoptera, adult, injury to pine 
enemies of White Pine.... 
Coleosporium senecionis, cause ot disea 
Cones, age of trees at first production...... 
quantity to produce pound of seed cj 
Conifers and hardwoods, planting in alternate rows...-......-- 
danger of drying atmosphere in planting.-...-...... = 
necessity of shading.............- 

useful for planting with pine.. 

“Cork Pine” of Michigan, locality of growth 
Cortex of pine, cliaracters....-...-...-.-- 
Criocephalus agrestis and other species in 
Cronartium ribicola, relation to cause of disease in pine 
Crop of White Pine, time for maturity 
Crown of White Pine, description..................-........--- 
Cubic and board contents of White Pine, tables....-.........-- 
Cultivation of pine nursery at University of Mlinoi 
White Pine 

Curculionide, beetle, dam 
Cypress and White Cedar as substitutes for White Pine 
* Damping off" parasitic organisms as cause... 
rehef measures 

Dangers and diseases of White Pine, discussion . 
Dawson, J., statement as to seed crop of White Pine 
De Vries, assumption as use of resin in plant growth 
Delaware, occurrence of White Pine 
Dendroctonus frontalis, pine bark-beetle, de: 


area of probable success 
ce to White Pine 


scription. 
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Page. Page. 
Dendroctonus, species injarious to pine ........-....--.---.+--- 6621; Growth an tiicknede Of pind: sccs- a2... a0 .Beenuap ace sane ela ee a4 
terebrans, ravages in pine forest of New Jersey. . 56 volume of White Pine... 37 
Development of pine in forest. .........--- 22.02 cnnccccnecccnnes 30 of diameter and cross section, tables and diagrams .. 107-116 
open stand .. 28 | DING TOLG. an nagar ns sn eee ans Se dsnabpwelseaeaesnaniaae 27 
White Pine, conditions. ............ssce-s0-0s 39 Hall, S. E., statement as to time of setting pine............. & 65 
Diagrams and tables of measurements..........-.-2.+---0--0e 93-100 | Hard pine, variation in weight................-2ss20-seeeees ese 7 
Diameter accretion of pine, discussion.........-.--..-.-.------ 34 | Hardwood forest, notes on growth of White Pine.............. 43 
* Dimension stuff,"’ boards and plank, of White Pine, sizes. ... 81 intermixture with White Pine...................-.. 12 
Diseases and dangers of White Pine, discussion........------- species useful for planting with pine..........-..-. 64 
of pine, discussion................---.- - 51-55 | Hardwoods and conifers, planting in alternate rows .........-. 66 
Distribution, geographical, of White Pine ...... 11 | mixture with White Pine lk 
natural, of White Pine, conclusions . 16 | Harmonia pini, enemy of pine, note........-..2--..- seen eee eee 59 

of White Pine, by regions .......- 12 | Hartig, R., conclusion as to endurance of extreme weather by 
Domestic animals, notes on, danger to forest .... 49 DINGS Soase oe cua cont sine tens tues cpm a nmld seus ka onic ae te eee 51 
Douglas, Robert, remarks on transplanting pine 28 | Heartwood of White Pine, instances of remarkable durability. 80 
Drought and heat effect on pine...........--...-.-,------ 51 | variation in moisture ..-~ 2... <n. nneneanqennanseccar 77 
Drying and seasoning, effect on strength of White Pine ....-.- 79 | Heat and drought, effect on pine ............-. 51 
winds, injurious consequences to pine...........------- 56 | Height growth of pine, seedling stage 27 
Durability of White Pine, discussion 80 trees after first century of life.....-...... at oe itl 
Elgin nurseries, White Pines of forty-five years’ growth ..-... 60 Wiite Pine: tables const apasens<accu nena <sens 29 
Enemies, insect, of White Pine... .. ...cccsseecccccossencessecrcs 55 | Hemlock, concomitant of White Pine...............-----.----- 40 
England, introduction of White Pine ........-.....--...------- 20 | growth of White Pine in mixture ..............-.--- 38 
note on introduction of White Pine ..........-..-.--. 67 mixture in growth with White Pine.. 32 
Europe, comparison of pine growth with America ..........--- 38 occurrence with White Pine in Pennsylvania........ 12 
experience regarding reforesting .-..-.... 4 63 | Hill, E.J., note on White Pine at head of Lake Michigan 15 
notes on Stone Pine..... c 81)], Histological characters Of DinG von... a— enn anese es sissies cee 25 

planting of Scotch Pine ... 4 63 | Hobbs, John E., statements as to seed production of White 
production of seed by White Pine......-. - * 24] Pine... 23 
European Larch, use as nurse tree for White Pine.....-- Set table on height growth of pine. ......... 29 
Experiment stations, note on reports as to ‘ damping off" . 54 | Hoyt, B. F., statement as to effect of wind on White Pines - 50 
Export of White Pine, note ...... ...-.......5.se-ceecenss 81 | Humidity, relation to development of White Pine 40 
Factor of shape for White Pine. 36 | Ilunt, Thomas, plantation of White Pine at Ridott, Ill......... 66 
in finding eubie and board contents of tree, use. 85 | Hypothenemus, twig beetles injurious to pine .........--...--- 57 
Farm implements, use of White Pine........--.-....-..------- 81 | Ice roads, note on use in logging ...-.......--22---2+-00----+0-- 20 
Farmington, N. H., record of growth of White Pine........--.- 48 | Illinois, growth of spruce and pine in forty-five years .......-- 67 
Fencing, nse of White Tine <2. 2... 222s - specs ewe censescosceewes 81 occurrence of White Pine..-..... 20... -ceces ee sennene 15 

Fernow, Dr., method of forest planting....-.-.----------------- 64 University, note on forest plantation .........--..----- 

Fields, abandoned, measurements of pine ....-..--------------- 80 | India, note on Bhotan Pine... -.-.- oo ncn e once cep ewwsencnns 

Fire, damage by burning young seedling pine growth...-.-.--- 62 | Injuries to pine by human agency..-...---- ABS 5 eae 
problem of protection of pine forest ....-......---.---..- E 49 | Insect enemies of White Pine, discussion............-.-------- 5 

Fir, note on growth in the Palatinate, Germany .......-...-.-.- 68 Iowa Agricultural College, notes on planting of pine, larch, and 
Fish-oil soap, use against pine weevil ...-...-.-- 59 broad-leafed trees of 1875......-...+0006 a pees Hae oo 67 
Floral organs of White Pine, discussion ........ 22 | growth of White Pine at Whiting ..- 67 
Forest, effect of composition on height growth 32 occurrence of White Pine.....-...- 16 
fires, suggestions for laws ...........-- 49 Jack Pine, admixture with White Pine .. 12, 14 
growth, classification of trees .. 81 associate of White Pine ............ 40 
of pine, classification . . is 31 | Jerome, Governor, estimate of Michigan products.....-.-..--- FA 11 
insects, injurious, nativity .............-. ; 55 | Juvenile stage, determination of limit for pine.........-...--.- 36 
Management, discussion .........20.cnesseccecnresnseeee 61 | Kerosene emulsion, remedy for beetles on pine....-....-..----- 57 
planting, method advocated by Dr. Fernow ....-.---.--- 64 | use against plant-lice....... oneness ites 60 
table showing first six years’ growth of White Pine ... 28 | Kleebahn, investigation of blister rust....-.. mae see Ss ? 53 
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